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CHAPTER ONE: SUMMARY

l.1 OVERVIEW

The TAFE National Centre for Research and Development undertook
this major study of the engineering technical workforce in order
to provide information cn:

. the overall structure of the engineering technical
workforce, including relationships between occupations in
each branch of engineering and between each level;

. the job functions of each occupational cluster and other
characteristics that would be of use to TAFE and other
education and training bodies.

In the study the term engineering technical workforce was

defined as the group that includes all staff primarily
performing engineering functions between the levels of
tradesperson and professional engineer or surveyor.

The study was the only one of its kind in Australia that was
concerned with the full spectrum of engineering technical
workforce occupations Australia-wide. This broad scope enabled
an assessment of which skills may ke required across a wide
range of occupations and which are more specialised. It also
enabled information to be obtained on the relationships between
the various occupational clusters.

The study involved a review of relevant literature, interviews
wich TAFE and Training Authority staff and engineering technical
workers, and two national surveys. The first national survey
obtained a net sample of 1089 government and industry
organisatiens and 1090 TAFE and CAE students and ex-students in
all States and Territories. This survey aimed both to determine
the names of those willing to participate in th: second survey,
and to collect broad information on the numbers in each
occupational level and branch of engineering. The second survey
obtained a net sample of 1230 engineering technical workers in
all States and Territories. It aimed to determine the
background characteristics and detailed job functions of each
person.
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The method of analysis of the data from the second survey was
critical to the whole study. The main method used was cluster
analysis. Cluster analysis sorts, by a statistical rather than
a Jjudgemental process, the respondents into clusters, the
members of each cluster having similar job functions. The
outcome of a cluster analysis 1is represented by a cluster
diagram, which shows all the resulting clusters and the links
between the clusters. The job function profile and background
characteristics - each occupational cluster may also be
determined and pre- ~ated in tabular form.

A simple cluster diagram may look like the hvnothetical example
below:

1l
(55)
electrical and
electronic
engineering

2
(25)

electrical electronic
engineering engineering

electrical electrical electronic computer
design monitoring equipment equipment

In this example, the number at the topr of each box or circle
identifies the cluster number. The numbers in parentheses refer
to the number of people in each cluster. The lines indicate the
links between clusters. Each cluster 1linked by a line to a
cluster above it is a subset of the upper cluster. For example,
the 10 people in electrical design joined with the 15 people .n
electrical monitoring to form a single cluster titled electrical
engineering, with 25 people.
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The cluster analysis in this study was successful, and resulted
in 99 small clusters, termed primary clusters, which were
identifiable and clearly interpreted. The hierarchical pattern
of the clusters was also meaningful and easy to interpret.
Except for a few ‘outliers’, the primary clusters merged into a
number of meaningful intermediate clusters, and these further
merged into four major clusters. For example, the intermediate
cluster of electrical engineering merged with  the
intermediate cluster of electronic engineering to form the
major cluster of electrical and electrcnic engineering. The
four major clusters were given titles as follows:

. engineering systems and administration
(438 respondents):

. civil engineering and surveying
(318 respondents);

. drafting and design
(123 respondents);

. electrical and electronic engineering
(188 respondents).

Figure 1.1 shows the hierarchical pattern of the cluster
analysis, though only the larger clusters are shown because of
limited space (the full diagram is given in Chapter 6 of the
full report).

The job function profile and background characteristics
(including average age, salary, highest education, and
proportion of females) of each occupational cluster is given in
the full report.

Some of the other key findings of the study were:

. The engineering technical workforce has an average age of 33
years, and An average salary of $23,000 (at April, 1985).

. The majority of engineering technical workers are employed
by government or semi-government organisations.

. The overall ratio of engineering technical workers to
professional engineers was found to be about 1.9 to 1. The
ratio of engineering technical workers to engineering
tradesmen was found to be about 1 to 1.6. These ratios vary
widely between the government and private sector and vary
with other factors, such as size of organisation.




. Government organisations have a higher ratio of technical
workers to professional engineers than private organisations
and larger organisations have a higher ratio of technical
workers to professional engineess than smaller
organisations.

. The percentage of females in the engineering technical
workforce was, not surprisingly, found to be quite low, at
2.6%., The percentage varied greatly among the different
occupational clusters.

- The 621 tasks in the inventory used in the second survey
were divided into 61 duties. Of these 61 duties, the five
making the highest contribution to the job of the "average"
engineering technical worker were:

. written communication;

. oral communication;

. general administration;

. the use of calculators and computers;
. engineering drawing.

- Many of the duties performed bv the members of each primary
cluster are common to other clusters. The balance of common
duties and specialised duties varies among clusters, .ut
over the 99 primary clusters and four major clusters, five
of the 61 duties were found to be very broadly performed,
being common across the four major clusters, and four were
found to very specialised, being performed to any
significant degree by the members of just one cluster. Of
the 61 duties in the inventory, the following 15 duties were

. found to be commonly performed in two or more of the four
major clusters:

. written communication;

. oral communication;

. general administration;

. use of calculators and computers;
. staff supervision;

. engineering drawing and graphics;
. design drafting;

. data collection and analysis;

. maintenance;

. finance and estimating;

. engineering survey draftinyg;

. quality testing and measuring;

. project planning and management;
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. site inspection and investigation;
. staff development.

. Two 1levels may be identified in the engineering technical
workforce. People within the one level, termed engineering
associate 1level, gznerally require more formal education and
the undertaking of a wider range of tasks than those in the
second level. People in the second 1level, termed
ergineering technician 1level, generally require more highly
specialised knowledge and skills, and much on-the-job
training. Despite this finding, many of the primary
clusters were found to consist of members having educatiional
qualifications across the two levels, and who performed job
functions across the two levels.

- As many as 29 of the 99 primary clusters identified in the
stuay were composed of members requiring g?mixture of skills
across traditional engineering branchegﬂ the most common
combination being a mixture of mechanical with electrical or
electronic tasks.

These 1last two findings have important implications for the way
education and training programs are designed.

Essentiaily the study found that t..e traditional engineering
branch bwboundaries defined many of the occupational clusters, and
that the boundary between the 1levels within the engineering
technical workforce also defined many of these clusters.
Cluster A in Figure 1.2 illustrates this type of 1luster, which
may be termed a single discipline, single level cluster. This
basic structure enables specialised courses to be designed to
suit the needs of occupational clusters within each branch and
level, and the present TAFE course provision largely follows
this pattern, although technician level courses are lacking in
some areas.

Superimposed on this basic structure is the phenomenon of
blurring, in which a significant number of occupational clusters
cut across the traditional engineering branch boundaries and
across the two tevels within the engineering technical
workforce. Such blurring is also known to occur in occupations
outside engineering. Clusters B and C in Figure 1.2 illustrate
these two types of blurred cluster.

The present TAFE course provision in Australia has, to a large
extent, not been flexible enough to closely match the needs of
multi~level and multi-discipline occupational clusters, and




Recommendations 6 and 7 address this problem. Matching the
needs of these occupational clusters does not necessarily mean
the provision of 'blurred' courses. What is recommended is the
provision of sharply focused courses that meet the various needs
of different occupational clusters through flexibility.

TASK
LEVEL

. | ! '
- professional | I |

>

l- associate

|
I \w
— - -7 b me - - — o
- technician |
|
-
- trade ]
|
1
mechanical electrical
TASK TYPE
NOTR: Cluster A = single discipline, single leve:i ciuster
Cluster B = multi-discipline cluster (blurring across mechanical- electrical
boundary)

Cluster C = multi-level cluster (blurring across technician-assoclate boundary)

Figure 1.2 Three types of occupational cluster illustrated in
a two dimensional task domain

1.2 MAIN CONCLUSIONS AND RECOMMENDATIONS

Heterogeneous clusters

The clustering process sorted most of the 1230 respondents into
109 primary clusters. Ten of these clusters were too
heterogeneous to be considered as representing a single job
type, leaving 99 primary clusters that were  easily
interpretable. Each of these 99 clusters represents a single
job type or occupation in the engineering technical workforce
occupations.

The ten heterogeneous clusters represent a population having a
diverse range of Jjob types, most being in the area of
mechanical, electrical and electronic equipment. All ten
clusters were adjacent to the major cluster of Electrical and




Electronic Engineering. Further study of these is required to
obtain job profiles and information on their education and
training needs. It 1is suspected that formal education does
not presently provide well for their education and training
needs because of the diversity in their job profiles.

Recommendation 1 (page 126)

That a study be undertaken of the section of the engineering
technical workforce  represented by the ten heterogeneous
outlying clusters found in this study. The purpose of the study
should be to determine the job functions and education and
training needs of this section of the workforce.

Educational programs for all occupational groups

The primary clusters found in this study represent the spectrum
of occupational groups in the engineering technical workforce.
This report provides a job profile (at the duty and task level)
and profile on background variables of each primary cluster. It
is suggested that TAFE and other providers of education and
training for the engineering technical workforce compare the
needs, represented by these clusters, with their current overall
provision of engineering courses. It is likely that suitable
education programs are not available for all of these
occupational groups in all States and Territories.

Recommendation 2 (page 127)

That TAFE Authorities and other education and training providers
use the results of this study to review their current courses
for the engineering technical workforce. In particular, the
needs of the engineering technical workforce, represent-~A4 by the
occupational clusters found in this study, should be compared
with each  Authority’s overall provision of engineering
courses.

Occupational qroups requiring close attention

Ten primary clusters were found to have a high proportion of
members having unusual educational qualifications, and this may
indicate a gap in the provision of suitable TAFE or CAE courses
for the particular needs of the occupational group represented
by each cluster. In this study unusual educational
gqualifications were defined as either:

20
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. completion of other courses (i.e. not mainstream TAFE, CAE
or University courses) as the highest educational
qualification;

. commenced but not continued certificate or associate diploma
courses as highest educational qualification:

. blank response to the survey question on educational
qualifications (which may indicate no post-school
educational qualifications).

The ten primary clusters having a high proportion of unusual
educational qualifications are:

. Cluster 609 Electronic Engineering Supervisors

. Cluster 357 Trade Supervisors

. Cluster 632 Materials Test Technicians/Officers

. Cluster 576 Electro-mechanical Engineering Officers

. Cluster 261 Engineering Survey Assistants

. Cluster 338 Engineering Survey Drafters

. Cluster 562 Senior Microelectronic Maintenance Technicians

. Cluster 315 Computer and Digital Equipment 1Installation
Technicians

. Cluster 092 Electronic Supervisors

Recommendation 3 (page 129)

In reviewing their engineering courses, TAFE Authorities and
other education and training providers should closely examine
those occupational clusters in this study signalled as having a
higher proportion of unusual educational qualifications.

Common duties

The study found that many of the 61 duties used in the survey
were common across a large number of the occupational clusters.
Five duties were common to all four major clusters, these duties
being:

C. written communication

D. oral communication

B. general administration

R. use of calculators and computers
H. staff supervision.




In addition, three duties were common to three major clusters,
seven duties were common to two major Cclusters, 18 duties were
common to clusters in one major cluster, 24 duties were ccmmon
to two or more primary clusters only, and four duties were
specialised, each being performed in just one primary cluster.

The study was only able to determine the degree of commonality
at ‘face value’. Duties that are described similarly for two
people may in fact be quite different when each person’s work is
very closely observed and analysed.

The results indicate that common or core curriculum units or
modules could, subject to the above qualification, be developed
for a range of occupational groups. Areas where low student
numbers are 1likely should be a priority, as common or core
curriculum units provide a basis for obtaining larger classes.

Recommendation 4 (page 132)

That common or core curriculum modules be developed in those
areas judged, on the basis of the results of this study and
other information, to be sufficiently common to two or more
engineering occupational groups.

Two levels

The study found evidence for the existence of two levels in the
engineering technical workforce.

People within one 1level, termed engineering associate level,
generally required more formal education and the undertaking of
a wider range of tasks than those in the second level. People
in the second 1level, termed engineering technician level,
generally required more highly specialised knowledge and skills,
and much on-the-job training.

Some writers suggest that TAFE in general provides well for the
needs of associate 1level occupations but few courses are
provided for technician level occupations. This study provided
evidence that many technician level workers had partly completed
certificate or associate diploma courses.

This situation is of concern to some writers, who suggest that
partly completed certificate or associate diploma courses may
not provide an appropriate education for engineering technician
occupations, as these courses are primarily designed around
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the needs of engineering associate occupations. This issue is
likely to increase in significance in the future, as many have
predicted an increase in the numbers employed in engineering
technician occupations.

Recommendation 5 (page 135)
That TAFE Authorities and other education and training providers
recognise the existence of two engineering occupational levels

between trade and professional level, and that these be termed:

. engineering technician level;
. engineering associate level.

Further, that education and training programs be provided for
occupational groups within each level, appropriate to their

particular needs.

Blurring across levels

While there was evidence for the existence of two levels in the
engineering technical workforce, many of the primary clusters
were found to consist of members having educational
qualifications across the two levels, and who had performed job
functions across the two levels. For example, when the primary
clusters were analysed with respect to:

. highest educational qualification;
. task level;
. number of tasks,

as many as 20 of the 99 primary clusters were classed as
‘blurred’ across the technician-associate boundar. Of the
remainder, 67 were classed as primarily associate level and 12
were classed as primarily technician level.

The blurring across the technician-associate boundary indicates
that members of these occupational clusters may require some
combination of associate 1level and technical level education,
where separate educational programs are offered for each level,
or at 1least transfer between levels should be allowed for and
facilitated.
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Recommendation 6 (page 137)

In cases where separate educational programs are designed for
each of the two engineering technical workforce levels, that:

. transfer between programs in both directions be facilitated
with appropriate amounts of credit allowed;

. where modular course design is employed, some modules
(optional or compulsory) be made common to both programs to
allow for overlapping of levels.

Blurring across disciplines

The work of the engineering technical workforce, as represented
by the task inventory developed for this study, was divided into
four broad job function areas. Tasks and duties that were
judged to be not specific to a particular engineering discipline
were classed in the general area. The other three areas were
judged as specialised, these being:

. mechanical/manufacturing,
. electrical/electronic,

. civil engineering/surveying.

Most of the primary clusters performed work in the general area

and one specialisvd area. However, 29 of the 99 primary
clusters performed work, to a significant degree, in two or
three of the specialised areas. These clusters were termed

multi-discipline clusters.

The existence of these clusters and the likety trend towards an
increase in ‘blurring’ across discipline boundaries, have
important implications for the design of engineering technician
and associate level courses. At pr-sent courses are generally
structured within one major area. Scudents requiring skills in
a combination of areas may be required to complete a course in
one area only and take additional subjects in another area.

A practical approach to this need is to provide educational
programs in a modular system, giving sufficient flexibility to
allow appropriate programs for both mono-discipline and
multi-discipline occupations.
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Recommendation 7 (page 140)

That educational programs designed for the engineering technical
workforce be designed 1in a modular system to allow appropriate
choice of modules for:

. mono-discipline, or
. multi-discipline

occupations. Such  programs should comprise appropriate
combinations of:

. common or core curriculum modules;

. specialised curriculum modules designed for
single~discipline clusters;

. specialised curriculum modules designed for multi-
discipline clusters.

Future trends

A number of writers have referred to one or both of the
following trends in engineering occupations:

. @n increase in the degree of ‘blurring’, with more

occupations requiring skills across two or more engineering
disciplines;

. an increase in the numbers required in technician level
occupations.

If these trends continue, the results of this study and similar
studies will steadily become out-of-date and therefore less
useful to TAFE and other education and training providers.

To address this problem, it is suggested that a study or studies
be undertaken of present and near future trends in engineering
technical workforce occupations.

In addition, a future major study could be conducted of all
engineering technical workforce occupations around 1990. The
study should employ a methodology similar to the present study,
and use the task inventory fron the present study. Such a study
would provide valuable comparisons with the results of the
present study and thus indicate possible longer term trends.

)
(]
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Recommendation 8 (page 143)

That a study or studies be undertaken of present and near future
trends in engineering technical workforce occupations, using the
results of the present study as a starting point.

That, in addition, a future major study be undertaken of
engineering technical workforce occupations around the vyear
1990, the study using the task inventory from the present
study.
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CHAPTER TWO: INTRODUCTION

2.1 DEFINITICNS

The following definitions have beer used throughout this report.

Engineering Technical Workfnrce

The engineering technical workforce is the group that includes
all staff primarily performing engineering functions between
tradesperson and proiessional engineer or surveyor. It includes
engineering associates and engineering technicians, as defined
beluw.

Engineering Technical Worker

An engineering technical worker is any member of the engineering
techiical workforce.

Profecssional Engineer

The definition provided by Lloyd has been used in this report.
His definition of the professional engineer follows:

A professional engineer engages upon work that is
predominantly intellectual and varied and involves the
possession of highly developed personal abilities and
skills, used in the analysis of engineering problems
and in their creative and economic solution.

The professional engineer is competent to undertake
such work by virtue of professional engineering
education designed to give a thorough insight into the
advanced engineering science and practice of his branch
of engineering and a broad general appreciation of the
principles and concepts of other branches.

The professional engineer is able to follow progress in
his branch by consulting newly published work,
assimilating such information and applying it
independently. He is thus capable of exercising
original thought and professional judgement and of
assuming professional responsibility for the




development and application of engineering science and
knowledge in one or more phases of engineering
practice, for exanple in research, design,
construction, manufacture, operation or maintenance, or
in the management of such activities, or in the
education of professional engineers or engineering
associates.

Initially, the qualified engineer gains experience and
training under the supervision of experienced
engineers. With some experience he 1is capable of
undertaking responsible, semi-independent professional
practice, requiring consistent exercise of discretion
and judgemant in its performance.

With further experience, the professional engineer may
assume responsibilities either as a team leader or as a
professional specialist, with work assigned and
reviewed within broad guidelines. At senior level, he
may attain operational management responsibilities, or
undertake independent practice or become the proprietor
of a business.

At executive 1levels, the professional engineer assumes
responsibilities as an executive manager or as a
specialist consultant in a large organisation, or as a
principal in a consulting practice or in a business
enterprise.

The conduct of the foregoing professional engineering
functions requires the possession of a professional
engineering qualification accredited by the Institution
of Engineers, Australia, for admission to corporate
membership. (Lloyd et al., 1979, p. 16)

Engineering Associate

The definition provided by Lloyd has been used in this report.
Eis definition of the engineering associate follows:

An engineering associate engages upon work that is
predominantly mental and involves the possession of
highly developed personal abilities and appropriate
manual skills, used in the analysis of technical
problems and in their solution in accordance with
established practices and precendents.
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The engineering associate 1is competent to undertake
such work by virtue of technical education and training
designed to give a thorough pract’cal appreciation of
the practices and precedents of a substantial body of
knowledge associated with a branch of engineering.

The engineering associate 1is able to apply in a
responsible manner proven techniques commonly
understood by those expert in the branch of engineering
concerned, or techniques prescribed by professional
engineers in that branch. He 1is thus capable of
assuming technical responsibilities associated with the
development and design, erection and commissioning, or
operation and maintenance of engineering equipnent or
structures, or of associated managerial functions, or
the education of engineering associates, engineering
technicians or tradesmen.

Initially, the engineering associate gains experience
and training under close supervision. He is capable of
providing support functions for professional engineers
or, with adequate experience, of undertaking
responsible, semi~independent technical functions.

With further experience, the engineering associate may
assume responsibilities as a team 1leader, or as a
specialist on more important or complex work, under the
general supervision of a professional engineer or a
senior engineering associate, or he may become the
proprietor of a small business or provide independent
contract services.

At executive 1levels, the engineering associate assumes
responsibilities for groups of engineering associate
functions in a 1large organisation, or he may be the
manager or proprietor of a business enterprise.

The conduct of the foregoing engineering associate
functions requires the possession of a technical
qualification accredited by the Australian Institute of
Engineering Associates for admission to graduate
membership, or equivalent educational attainments.
(Lloyd et al., 1979, p. 17)




Engineering Technician

The definition provided by Lloyd has been used in this report.

His definition of the engineering technician follows:

Engineering technicians may work in office-related or
in trade~-related workforce situations.

An engineering technician in an engineering office
engages upon work that is essentially mental and may be
accompanied by manual skills in drafting, applied to
the performance of 1less complex technical functions
according to established practices. The werformance of
such functions depends upon a technical education and

training sufficient to enable the engineering
technician to apply, with guidance, 1less complex
techniques and practical knowledge to limited

specialised technical tasks.

An engineering technician in a trade-related occupation
essentially is engaged upon highly skilled manual work
and exercises associated mental skills in the operation
and manipulation of complex machines or processes. The
performance of such functions depends upon a technical
education usually associated with trade apprenticeship,
but  beyond trade 1level, enabling the engineering
technician to apply difficult standara operational and
diagnostic techniques to complex equipment or systems,
or to undertake routine laboratory testing functions.

Initially, the engineering technician gains experience
and training under close supervision. With some
experience, in office-related occupations, he performs
support functions for professional engineers or
engineering associates. In workshop or laboratory
situations he carries out highly skilled tasks under
general supervision.

In either case, the engineering technician may become a
team leader or the proprietor of a small business.
With further experience, he may assume managerial
responsibilities for groups of technician or trade
functions, or he may become the manager or proprietor
of a business enterprise.

The conduct of the foregoing engineering technician
functions requires the possession of a technical




qualification that requires a level of attainment less than
that for an engineering associate but more than that of an
engineering trade educaticn.

(Lloyd et al., 1979, p. 18)

Engineering tradesperson

The definition provided by Lloyd has been used in this report.
His definition of the engineering tradesman follows:

An engineering tradesman engages upon work thac is
essentially manual and physical, and exercises
associated mental skills in the performance of the
tasks of a recognized trade. The performance of such
functions depends upon the completion of a trade
apprenticeship and an acrociated technical education in
the theory and practice of t.e trade.

The engineering tradesman is capable of undertaking the
standard functions of the trade, and of adapting trade
theory and practice, with instruction, to the new
machines, systems or processes of the trade.
Initially, the tradesman carries out trade tasks urder
supervision. With experience, he may assume
responsibilities as a foreman or senior foreman, or he
may operate his own small business.

Some tradesmen may progress to the management of trade
groups in a large organisation or as the proprietor of
a business erterprise. (Lloyd et al., 1979, p. 19)

2.2 RATIONALE

Much of the recent literature on the engineering workforce has
examined the existence of different occupational levels in the
engineering field. There is general agreement in Australia and
in other developed countries that there are four distinct
levels, from engineering tiradesperson to professional enginecr
(Henneken et al., 1983; Frenci, 1981). The two middle level
engineering occupatinnal 1levels are of particular interest to
TAFE. There are also of interest to c(olleges of Advanced
Education (CAEs) in those States where middle level educational
programs are offered by CAEs. There is a need to explore the
nature of these two 1levels using empirical techniques. The
following questions may be addressed by such analyses:




. Are the two 1levels quite distinct, or do they overlap
considerably in the job functions they perform?

. What 1s the extent of TAFE training in each level in each
State or Territory?

The present overall pattern of provision of engineering middle
level courses is based on the traditional division of
engineering into fields such as civil, mechanical and
electrical, and more specialised fields such as marine
engineering and automotive engineering. An empirical analysis
of the engineering middle 1level occupations would provide a
sound basis for determining the optimum overall pattern of

provision of these courses. An Australia-wide empirical
analysis of the engineering occupations has not been conducted
in recent years. Such an analysis would be able to determine

the current impact of new technol>gy in the engineering
technical workforce. It would also indic:te job tasks that
appear to be common across engineering fields.

Within each field of engineering and within each State or
Territory of Australia, courses are developed based on the needs
of industry. These needs are identified by different methods in
each State. Typically the curriculum is centrally developed for
a population of students whose individual needs and
characteristics have been averaged out. Such a system, while
providing for the needs of the 'average student', may not match
the vocational needs of individual students, or small groups of
students. Within an occupational population of workers there
may be quite distinct sub-populations. While there may be many
job tasks that are common to two or more sub-populations, many
job tasks will be unique to one sub-population of workers.

A  better understanding of the nature of the engineering
technical workforce's skill needs will provide an avenue to the
development of flexible courses with curricula tailored to meet

specific student needs.
2.3 OBJECTIVES

The objectives of this study were:

. To empirically determine the existence or otherwise of
vertical clusters showing the twc hypothesised distinct
levels of engineering technical workers in Australia.




- over all fields of engineering
- within each field of engineering.

To empirically determine the existence or otherwise of
task/skill horizontal clusters showing distinct fields of
engineering occupations such as civil, mechanical,
electrical, electronic.

To determine the existence or otherwise of occupational
clusters within each main cluster group.

To determine the existing characteristics of each cluster
identified, including job skill profile, job title, job
experience, educational attainment, field of engineering,
size of employer organisation, public/private sector,
salary, and State or Territory. The job task/skill profile
is to include quality control and computer tasks.

To compare the task profiles of the identified clusters, and
thus provide  Dbasic data for curriculum developers.
Specifically to determine those tasks which are common to
two or more clusters and those tasks which are specialised
to one cluster.

C

21




CHAPTER THREE: LITERATURE REVIEW

3.1 OVERVIEW OF STUDIES ON Th ENGINEERING TECHNICAL WORKFORCE
There is not a 1large amount of literature on the engineering
technical workforce. This contrasts with the large amount of

literature on engineering tradesmen and professional engineers.

This point is illustrated by a recent search of the ERIC
database by the author which revealed:

. 1900 documents concerned with 'engineers!;

. 138 documents concerned with ‘'engineering technicians!
(i.e. engineering)

. 255 documents concerned with ‘trade and engineering!'
(there is no ERIC descriptor for ‘engineering

tradesmen' or equivalent).

The United States National Technical Information Service (NTIS)
has:

- 7042 reports concerned with 'engireers';
. 637 reports concerned with 'technicians and engineering!';
« 3747 reports concerned with 'trade and engineering'.

This is further illustrated by the fact that the Australian
Bureau of Labour Market Research has produced:

. 6 papers on engineers;
+ no papers on engineering technical worlers;

- 3 papers on tradesmen and apprentices (including those
outside engineering).

A possible reason for the rel-stive dearth of literature on the

engineering technical workforce is its more recent emergence as
a distinct and well defined occupational group. In contrast,,

23

o4

ty L




tradesmen and professional engineers are occupational groups
that have definitions that have long been accepted and generally
understood (EITB, 1983a, p. 2).

3.2 ENGINEERING OCCUPATIONAL LEVELS AND TERMINOLOGY

It is apparent from the literature that there is much interest
in, and much debate over, the grades or levels of occupations
and the terms used to describe them.

There is considerable agreement on the existence of four
engineering occupational 1levels requiring formal post-school

educat.on. The first of these levels, requiring the least
amount of formal education, is the 1level usually termed
engineering +trade 1level. Engineering tradespeople use manual

skills requiring knowledge of engineering practices and
knowledge of specific machines and techniques. They require a
relatively small amount of knowledge of general engineering and
scientific principles. At the other end of the scale is the
group of professional engineers. Professional engineers require
a relatively small amount of manual skill and a relatively large
amount of knowledge of general engineering and scientific
principles. In between these two levels is the broad group of
engineering technical workers, which is usually split into two
groups - ar. upper level and a lower level. The required levels
of manual and conceptual skill are recognised as being
intermediate between tradespeople and professional engineers.

ratio of
conceptual
t5> manual ol
skills x5 R S o
Engineering Engineering Professional
Tiadespeople Technical Wor~ =~s Engineers
occupational level
Conceptual skills requiring knowledge of,
=S genergl engineering ggd sc?entlf%c principles.
Manual skills, requiring knowledge of
[ engineering pfactgges agd spec1f?c knowledge.
Figure 3.1 Diagrammatic representation of the spectrum of

engineerirqg occupations
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Figure 3.1 provides a useful diagrammatic representation of the
spectrum of engineering occupations, from tradesperson to
professional engineer. A single occupation would be represented
by a vertical 1line in the diagram. It provides a simple model
of engineering occupations and their skill requirements. Most
of the literature concerned with engineering occupational levels
uses or assumes this basic model, as represented in Figure 3.1,

Before turning to the 1literature on engineering occupational
levels, it 1is worth noting one important aspect of the model.
The group of engineering technical workers is represented as a
very broad group. Those at the far right require much coneptual
skill, not unlike professional engineers. Those at the far left
require much manual skill, not unlike tradespeople. This point
is emphasised by some writers, who see engineering technical
workers as a heterogeneous group comprised of an upper and lower
level and requiring quite separate formal educational

qualifications. As we shall see, this is one of the key issues
in the literature.

French (1981) undertook a  UNESCO study of engineering
occupational nominclature an. classification in 39 nations. He
found that a 1large majority of countries recognised two levels
between engineering tradespeople and professional engineers.

Thirty of the thirty-nine countries surveyed recognised two
levels in the engineering technical workforce. The remaining
nine countries recognised one or three levels but some of ‘hese
were considering recognising two levels.

Although he acknowledged that Australia, Franc2 and U.S.A. were
against the use of the term ‘engineer' for grades below the
professional 1level, he advocated the general adoption of the
following terms, or their equivalents in other languages, for
the four levels above operator:

. professional engineer;
. technician engineer;

. technician;

. tradesman.

These terms are used in Britain. He also suggested the term
'higher technician', as used in France, as an alternative to
'technician engineer'.




In the United States four engineering occupational levels are
widely recognised, these being termed:

. engineers;

. engineering technologists;
. engineering technicians;

. skilled workers.

Howeve>, the educational qualification required by engineering
technologists is higher than that required for engineering
associates in other countries (French, 1981, p. 138-9), and this
has led to some problems of differentiating engineers from
engineering technologists. In some States, engineering
technologists have been able to regisier as professional
engineers (Ball and Snarponis, 1978).

The most pertinent overseas research studies on the engineering
technical workfcrce are two major studies conducted by the
Engineering Industry Training Board in the United Kingdom. The
earlier study (EITB, 1970) found, among other things, that there
were two levels withia the engineering technical workforce, and
these were termed:

. technician engineers,
. other technicians.

Despite the evidence for the existence of the two levels, a
clear distinctiorn in duties between these two levels was not
found. While there was not much difference in the kind of
activities undertaken by workers in each of the two levels, it
was found that the higher level required a greater breadth of
knowledge and a wider range of activities.

The later study (Connor, 1983) divided the ergineering technical
workforce into three groups:

. engineering technicians;
. draftsmen;

. other technical staff.

The group called 'other technical staff' mainly comprises those

employed in non-engineering occupations. The 'engineering
technicians' and draftsmen were each divided into a higher and a
lower level. The terms used for each category are shown in

Table 3.1.




The 1983 study also found evidence supporting the existence of
two 1levels. After being shown definitions of each of the two
levels, most employers agreed that two distinct levels existed,
91% saying that two levels existed within ‘'engineering
technicians!' (i.e. engineering technical workers excluding
draftsmen) and virtually all employers agreed that two levels
existed within draftsmen. It was estimated from the employers'
replies that about half of the 'engineering technicians' were
working at the upper 1level and about three-fifths of the
draftsmen were working at the upper level. Table 3.1 shows the
estimates given in the EITB study for the number of workers in
each of the main categories.

TABLE 3.1 TERMS USED BY THE EITB (U.K.) FOR EACH OCCUPATIONAL
CATEGORY IN THE TECHNICAL WORXFORCE, ZND ESTIMATED
NUMBERS IN EACH CATEGORY (FROM CONNOR, THE
TECHNICIAN IN ENGINEERING, PART 1, 1983)

f TECHNICAL WORKFORCE GROUP

engineering other technical

LEVEL technicians draftsmen staff
(144,000) (54,000) (18,000)

Higher level | technician technician '

engineers engineer

draftsmen¥* not given
(75, 000) (32,000)
.7 Lower level | other lower level

engineering draftsmen not given

technicians

(69,000) (22,000)

* In the EITB report (Connor, 1983) the term
'higher level draftsmen' is also used

In Australia the issue of two 1levels within the engineering
technical workforce and the related issue of terminology have
occupied a significant part of the literature on the engineering
technical workforce.
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However, it appears that only a 1little research has been
conducted on the existence of the two occupational levels in
Australia.

In 1976 and 1977 the Technical Education Division of the
Education Department of Western Australia -onducted a survey of
87 employers comprising 50 private firms and 37 government
organisations, The researchers defined four categories of
engineering workers as follows:

. Category I - professional engineers, defined by
qualifications;

. Category II engineering technical workers - higher

level, defined by qualification;

. Category I1II

engineering technical workers - lower
level, defined by qualification;

. Category IV employees receiving education and training
for one of the above positions.

(Cochrane, 1977, p. 2)

All except one private firm and one government department were
able to provide data on the number of employees in each
category. These data are summarised in Table 3.2,

TABLE 3.2 NUMBER OF EMPLOYEES IN EACH OCCUPATIONAL CATEGORY
(SOURCE: Cochrane (1977) Survey of industry needs

for engineering courses at the TAFE level

NUMBER OF EMPIOYEES

TYPE OF
ORGANISATION CAT. I CAT. II CAT. III CAT. IV
Private 502 344 130 103

Government 587 1289 258 487




These data indicate a much smaller number of lower level
technical workers (CAT.III) than higher 1level technical
workers (CAT.II). There also appears to be a relatively high
number of workers receiving education and training. The authors

predict a significant increase in the number of categories II
and III workers bzcause of this result.

Employers were also asked if category I (professional engineers)
were engaged wholly or in part in work which could be
satisfactorily handled by category II or III staff. Of che 50
private organisations, 56% replied ‘yes’. Of the 37 government
organisations, 41% replied ‘yes’, They were also asked if
category II and III engineering staff were engaged in category I
work, resulting in 44% of private organisations replying ‘yes’
and 24% of government organisations replying ‘yes’ (Cochrane,
1977, p. 22).

The authors interpreted this result as a considerable overlap in
the functions of professional engineers and engineering
associates in a significant number of organisations, with
private firms indicating

a significantly more flexible attitude to this issue
essentially based on *he pragmatic approach of letting
personnel do the work on the basis of their abilities
and experience. (Cochrane, 1977, p. 22).

Over the past few years Brian Lloyd has authored or co-authored
a number of books or articles on these issues. Engineering
Manpower in Australia by Lloyd et al. (1979) draws together many
of the important ideas in his earlier works. Lloyd observes
that occupations in science and engineering are more structured
than in other areas such as commerce and accounting, there being
six identifiable occupational levels in science and engineering
as follows:

. professional level;

. middle level;

. technician level;

. trade level;

. Operative level;

. general labeur level.

The first four of these require formal post~-school education.

Lloyd asserts that two occupational levels between professional
level and trade 1level have evolved in Australia in science and

29 40




engineering. For engineering occupations he proposes the
general use of the terms 'engineering associate' for the higher
level occupations (i.e. at middle level) and 'engineering
technician' for the lower level occupations (i.e. at technician
level). The general term to cover engineering occupations at
either of these two levels is 'engineering technical workforce'.

Table 3.3 summarises che terms recommend by Lloyd, et al. (1979)

in Engineering Manpower in Australia.

The use of these engineering terms has subsequently been fully
or partly supported by various groups in Australia and these
terms have been adopted in this present study.

Lloyd (1984) also calls for precision in the use of the terms
'engineer' and 'technician'. He states that the term 'engineer!'
should be used only for the professional level, and therefore
does not support the use of the U.K. term *technician engineer!
for the engineering associate category. The varying uses of the
term ‘'t#ghnician' are confusing. Sometimes it is used to
describe all occupations between the trade and professional
level ard sometimes it is used to describe occupations at the
lower 1level of the engineering technical workforce. Lloyd
argues that such confusion should be removed by using the term
only for the lower level of the technical workforce.

TABLE 3.3 BROAD TERMS AND CORRESPONDING ENGINEERING TERMS AT
EACH OCCUPATIONAL LEVEL (FROM LIOYD ET AL., 1979)

BROAD TERM FOR SCIENCE AND TERM FOR ENGINEERING
ENGINEERING
Professional level professional engineer
Middle level engineering associate
Technician level engineering technician
Trade level engineering tradesman

Operative level -

General labour level -

In Engineering Manpower in Australia (Lloyd, et al., 1979, p.
10-20), Lloyd prov.des a general definition of each of the four
engineerirg occupational levels from trade to professional level
in terms of the
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. level of activities (particularly the amount of manual and
mental work);

- scope of activities (including degree of original thought
and amount of guidance required);

. education and training required.

He states that the specification of the educational level
required is an essential element of the definition. The
definitions indicate the necessary relationship between the
level and scope of the activities of the occupational category
and the education and training required for those employed in
the occupational category.

Importantly, Lloyd distinguishes two dimensions from the
occupational level dimension. One dimension is that of
occupational area (e.g. engineering, applied science). The
other dimension 1is career progression or degree of supervision.
Within each occupational level, three 1levels of career
progression are identified (Lloyd, et al., 1979, pp. 10-14).
These are:

. base level;
. senior level;
. executive level.

The Institution of Eagineers, Australia and the Australian
Institute of Engineering Associates have produced a joint
publication entitled Guidelines on Education for the Enaineering
Industry (1983). This publication defines four workforce
categories for the engineering industry from engineering
tradespeople to professional engineers. These four categories
are:

. professional engineer;
. engineering associate;
. engineering technician;
. engineering tradesman.

The definitions axre largely based on those provided in Lloyd et
al., (1979). The Guidelines booklet is significant in Australia
because it provides support for the concept of two occupational
levels between trade and prrfessional and also because it gives
impetus to the use of standard terms to describe each level.

o0
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The current Australian Standard Classification of Occupations
(ASCO) also recognises two occupational levels between trade and
professional level in science and technology occupations,
including engineering (DEIR & ABS, 1983). 'Technical officer’,
is the generic term for “he higher of the two levels in science
and technology occupations, and 'technician' is the generic term
for the 1lower of the two levels in science and technology
occupations.

TABLE 3.4 THE ASCO ENGINEERING ASSOCIATE AND ENGINEERING
TECHNICIAN OCCUPATIONS (SOURCE: DEIR & ABS, 1983)

CODE TITLE

2046 ENGINEERING DRAFTING AND OTHER TECHNICAL OFFICERS
2046-A Technical Officer, Civil Engineering
2046-B Technical Officer, Electrical Engineering
2-46-C Technical Officer, Electronics Eng‘neering
2046-D Technical Officer, Mechanical Engineering
2046-E Technical Officer, Process Control
2046-F Draftsman/woman, Civil Engineering
2046-G Draftsman/woman, Structural Engineering
2046 ~iI Draftsman/woman, Electrical Engineering
2046-1 Draftsman/woman, Electronics Engineering
2046-J7 Draftsman/woman, Mechanical Engineering

2046-2 Engineering Drafting and other Technical officers NEC

2047 ENGINEERING TECHNICIANS AND DRAFTING ASSISTANTS
2047-A Engineering Technician, civil
2047-B Engineering Technician, Electrical
2047-C Engineering Technician, Electronics
2047-D Engineering Technician, Mechanical
2047-E Drafting Assistant, civil Engineering
2047~-F Drafting Assistant, Electrical Engineering
2047-G Drafting Assistant, Electronics Engineering
2047-H Drafting Assistant, Mechanical Engineering
2047-72 Engineering Technicians and Drafting Assistants NEC

Note: NEC = Not elsewiere classified




In 1listing the engineering associate occupations, ASCO separates
the drafting occupations (titled ‘draftsman/woman’ with the
branch of engineering given) from the other technical officer
occupations. A similar policy is applied to engineering
technicians where the drafting occupations (titled ‘drafting
assistant’ with the branch of engineering given) are separated
from the other engineering technician occupations. Table 3.4
lists the 11 engineering associate and 9 engineering technician
occupations specified in ASCO.

Thus ASCO implicitly recognises the existence of two
occupational 1levels between trade and professional in each of
the main branches of engineering. It is also significant that
these two levels are recognised outside engineering occupations.

A major study for the Queensland Industry & Commerce Training
Commission examined the structure and training requirements of
the engineering technical workforce in Queensland (Henneken, et
al., 1983).

The study, entitled Engineering Middle Level Workforce Stud '

reviewed some of the most pertinent Australian literature on the
engineering technical workforce and surveyed employers in
Queensland. Based on the survey results, the authors concluded
that two occupational levels existed in the engineering
technical workforce. The report recommended the adoption of the
ternms:

. professional assc <
- technician (or p:. _.rade),

for the upper and lower levels respectively. These terms
correspond closely with the terms proposed by Lloyd, et al.
(1979), namely:

. engineering associate;
. engineering technician,

but are deliberately broader to enable their application in
fields outside engineering.

The Engineering Middle Level workforce Study found there was
widespread confusion over the use of the term ‘technician:. It
recommended the replacement of the term ‘technician’ with
‘professional associate’ in the Industry & Commerce Training act
where the reference is to the higher level. It recommends the
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restricted to the lower level, and found

term ‘'technician' be
the 1lower 1level to be the current and future growth area ir
Queensland, as in the rest of Australia.

After the distribution of the Engineering Middle Level Workforce

were

invited to comment on it. A

the report and the comments on it,

Queensland Industry and Commerce Training

The Queensland Minister has approved the

. professional engineer;
. engineering associate;

. trade technician;

. tradesman.

in
engineering are used in the policy statement, these

1285.

Study report, organisations
policy statement, based on

was prepared by the

Commission in 1984.
implementation of the policy.
circulated by the

Planning and Training,

Affairs, Mr B.C.L. Read,
specific to

being:

The
Director of the
Department of Employment and Industrial

policy
Division

of

statement was

Employment

Interestingly, terms more

(Read, 1985)

TABLE 3.5 SUMMARY OF THE TERMS USED IN THE MAJOR STUDIES
REVIEWED TO DESCRIBE EACH ENGINEERING OCCUPATIONAL
LEVEL
COMPARATIVE
STUDY U.8.A. U.K. AUSTRALIA QUEENSLAND
French Ball & Snarponis Connor Lloyd, et al, IEA & DEIR & ABS | Henneken, et alj
(1981) (1978) and (1983) (1979) AIEA (1983) (1983) {1983) and
French (1981) Read (1985)
Professional | Engineers Professional | Prctessional Engineers Engineers Professional
Engineers Engineers Engiaeers Engineers
Technician Enginearing Technician Engineerin. Engineering | Technical Engipaering
Engineers Technologists Enginecca Associates Associates Officers Associates
[Techniciang | Engineering Englneering | Engineering Engineering | Techniciana| Trade
Technicians Technicians | Technicians Technicians Technicians
Tradesmen skilled Workers Eﬁgineorinq Engineering Engineeriné__&radchen Tradesmen o
Tradesmen Tradesaen Tradesmen
To conclude this section a summary of the various terms
recommended and used in some of the major recent studies in
Australia and overseas is given in Table 3.5. It is apparent

from this Table that there is reasonable consensus on the use of
the ternms '*technician' for the 1lower 1level within the
engineering technical workforce, but sharp disagreement exists
on a term for the higher 1level. The ASCO term 'techuical
officer' reflects current job titles used widely in the public
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service, but ‘'engineering associate' is supported by the major
engineering associations in Australia. The U.K. term
'technician e'gineer' is strongly opposed in Australia.

The'e 1is broad agreement in the literature on the existence of
two occupational levels between trade and professional level in
engineering. As we shall see in the next section, the
recognition of thesc two occupational levels does not
necessarily carry recognition of the need for two separate
educational programs.

3.3 EDUCATIONAL QUALIFICATIONS OF THE ENGINEERING TECHNICAL
WORKFORCE

With respect to educational qualifications of the engineering
Lechnical workforce, two Kkey issues arise in the literature.
The first issue concerns the definition of each occupational
level, and whether educational qualifications or job functions
performed define each 1level. The second issue concerns the
specification of appropriate education and training programs for
each occupational level, and particularly whether the
engineering technician 1level requires education and training
programs different to those provided for the trade or associate
level.

Each of these two issues are discussed in this section.

Definition by qualification or job function

Most of the studies cited in the previous section provided
definitions of each engineering occupational level, and these
definitions usueclly have two main components:

. types of job functions performed;
. educational qualifications that are required or are
appropriate.

There are two main views on how each occupational level is
defined. One view is that the types of job functions performed,
including the breadth of activities undertaken, defines the
worker's occupational 1level. A definable level of education,
training and experience is usually necessary to be able to
rerform such functions.

This was the approach of the Engineering Industry Training Board

in its 1983 study (Connor, 1983). The study defined both the
types of functions performed at each 1lcvel and the formal
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educational qualifications 'probably but not necessarily'
required for each of the two levels in the engineering technical
workforce (Connor, 1983a, pp. 23 and 29). ™he engineering
technical workers interviewed in the study were classified as
higher or 1lower 1level, based on the perception of their
functional 1level Ly their employer. Using this method some
engineering technical workers classed as functioning at the
lower 1level were found to have higher educational qualifications
than that specified as standard for the 1lower level by the
EITB. This 1is illustrated in the distribution of educational
qualifications among the two levels as given in Table 3.6.

TABLE 3.6 PERCENTAGE DISTRIBUTION OF HIGHEST EDUCATIONAL
QUALIFICATIONS FOR HIGHER LEVEL AND IOWER LEVEL
ENGINEERING TECHNICAL WORKERS (FROM CONNOR, 1983B,

P. 14)
Other Engineering
Draugbtsmen technical vorkers
Higber Lewer Higber Lovwer
Specified level level level level level
of qualification Qualificationg* (n=118) (n=68) (n=322) {n=277)
Associate Degree; HNC or HND; CGLI
{or higher) Full Technological Certificate;
TEC Higher Certificate or
Diploma 51 28 41 17
Technician ONC or OND; CGLI Technician
Certificate; TEC Certificate
or Diploma 37 47 29 31
Trade CGLI Craft Certificate 1 3 7 10
Not specified Other qualifications 1 9 8 9
Not specified No qualifications 10 13 15 33
TOTAL: 100 100 100 100

WNOTE: CGLI
HND
OND

City and Guilds of London Institute; HNC
Higher National Diploma; ONC
Ordinary National Diploma; TEC

Higher national Certificate;
Ordinary National Certificate:
Technical Education Council.

oo
# nn

The main weakness of the 'definition by function' approach is
the difficulty in distinguishing the higher level functions from
the 1lower level functions. This was one of the main findings of
both of the EITB's studies in 1970 and 1983, and referred to in
the previous section.

There are few studies that have attempted to systematically
specify the Jjob functions of each of the two engineering
technical workforce 1levels. All of the studies cited in the
previous section as well as Kocketkov ( 1977) and Chandrakant
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(1975a, 1975b), cited in French (1981, pp. 24-27), have
attempted to do so at a broad activity level. No studies known
to the author have documented, at a detailed 1level, the
activities undertaken by engineering techn'cal workers over the
full spectrum from lower level to higher level. French (1981,
Pp. 26-27) arques that there is a need for such studies, stating
that

Dr Chandrakant’s brnad spectrum of activities of a
technician, interesting though it is, falls short of
immediate practical use. What is needed is a detailed
specification of subactivities, enabling us to see what
is required of an electronic tecunician, of a design
draftsmar, of a process planning technician, etc.

In contrast to the ‘definitiocn by function’ approach, the
‘definition by qualification’ approach provides clear boundaries
for each occupational 1level in engineering. In Australia and
many other countries the qualifications (i.e. formal education
and practical experience) required fcr workers at each
engineering oc-zupational 1level are generally well defined and
widely accepted. The only possible exception is the engineering
technician 1level. 1In Australia there is no specification of the
educational requirement for the engineering technician level
which 1is widely accepted and accredited among all of the States,
but guidelines have been prepared by the Institution of
Engineers, Australia and the Australian Institute of Engineering
Associates (1983).

If a system of definition by qualification is to be acceptable
to industry (including government and semi-government bodies
undertaking engineering activities), the education and training
shiould match the functional requirements of the job (French,
1981, p. 46). This relationship between jobs and educational
programs may be seen as a two-way relationship in which the
education, training and work experience program is designed to
suit the functional requirements of the job, and the job is
patterned to fit the ‘product’ of the available education and
training.

Definition by qualification is widely used in Australia and
overseas (French, 1981, p. 46) because it provides clear
boundaries between each occupational level. 1Its main weakness
is the difficulty of classifying those with a mixture of formal
or unformal education, training and woirk experiences which do
not neatly fit the specified qualification.

D
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A further problem is that a few people appear to be
satisfactorily performing engineering functions at a technician
or associate level with qualifications specified for one level
lower. There is prima facie evidence for this in Table 3.6 from
the EITB (1983) study. The 1977 study by the Educaticn
Department of Western Australia, discussed in Section 3.2, also
found considerable overlap in the functions of engineers and
engineering associates. The reverse also appears to occur,
namely, that a few people appear to be performing engineering
functions at a technician or associate level with qualifications
specified for one level higher. Perhaps the people in either of
these two groups have informal education and training and/or
special aptitude which fits them for the job they are
performing. This issue has received little attention in the
literature, and is an issue that should be researched.

Bill Ford (1986) asserts that overlap or 'blurring' of job
functions will be forced upon Australian industry through the
introduction of new technology and economic competition. New
overseas technology usually has been developed on the assumption
of flexible work organisation. This new technology, when
introduced in Australian industry, will not provide optimum
efficiency until more flexible work practices are employed.
Horizontal blurring (e.g. across the mechanical and electronic
engineering boundary) and vertical blurring (e.g. across the
engineer and engineering associate boundary) will become more
common in Australia as new overseas technology is introduced.

NEW
TECHNOLOGY

SKILLS
FORMATION

STRUCTURES

INDUSTRIAL
RELATIONS

Figure 3.2 The four maior work organisation influences
(SOURCE: Ford, 1986)
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He also asserts that there are other important influences on the
way work is organised, and proposes a model which recoghises
four major influences on work organisation, as illustrated in
Figure 3.2. The job functions of jobs are determined by:

. new technologies;

. skills formation (education and training system);
. organisational structures;

. industrial relations (e.g. demarcation by unions);

and each or these interact with each other.

Education of engineering associates and engineering

technicians

French (1981), in the UNESCO study cited in the previous
secticn, found considerable variation among the 39 nations
studied in the engineering educational programs for each
occupational 1level. However, a general pattern was perceived.
Most countries which recognised two levels between professional
and trade had separate educational programs for each of the twvo
levels.

Also many countries specified a minimum period of training and
related work experience before registration or recognition cf
engineering associates and engineering technicians.

In the United States the educational qualification for the
engineering technologist (which is the term for the level
between engineering technician and professional engineer) is a
four-year full-time Bachelor of Engineering Technology degree
from a wuniversity or four-year college. The situation is,
however, not wuniform across all States in the U.S.A., as some
States recognise the Bachelor of Engineering Technology as a
professional level engineering qualification. The educational
qualification for the engineering technician is a two-year
full-time course at a 3junior college, community college or
technical institute (French, 1981, pp. 138-9; Ball and
Snarponis, 1978, pp. 48-9).

The U.K. Engineering Industry Training Board defines the
educational qualifications for the  higher level (i.e.
engineering associate) as completion of either Higher National
Certificate or Diploma, <Tity and Guilds of London Institute
technological certificate, and Technician Education Council

Higher Certificate or Higher Diploma. It defines the
educational qualifications for the lower level (i.e.

- o0
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engineering technician) as sompletion of either Ordinary
National Certificate or Diploma, City and Guilds of London
Institute Technician Certificate parts I and II, and Technician
g£duca ion Council Certificate or Diploma (Connor, 1983a, p. 29).

In the 1980-81 EITB study, employers were showr definitions,
which included the above-mentioned educational qualifications,
of each of the two levels, They were then asked if the two
levels existed in Their organisation. Most employers agreed
that the two levels existed, but many stated that for
'engineering technicians' their firm's practice was

to train all their technicians using one set of
training recommendations and that they expected them
all to acquire the same 1level of further education
qualifications. In some cases the trainees would go
directly into technician engineer jobs on completion of
training, while others would start at the lower level
and progress to technician engineer jobs with age and
experience (Connor, 1983a, p. 6).

Similar comments were made about the two levels of draftsmen,

lthough draftsmen were more likely to start at the lower level
on completion of training and progres~ to the higher level with
age and experience.

The age distribution of 'engineering technicians' and draftsmen
tended to confirm this. The 'engineering technicians' at the
higher 1level had an older age piofile than that of 'engineering
technicians' at the 1lower level. A similar though more marked
difference :n age profile existed for the two levels within
draftsmen.

Summarising the situation in Australia, French (1981, pp. 77-8)
observed that engineering associate level courses are offered in
all sStates, the predominant course being four years part-time at
a technical college. T=2 other main type of engineering
associate level course is a two year full-time course at a
college of advanced education,this being more common in
Queensland. According to French, engineering technician level
courses are not available in all States, and take two main
forms:

. trade-related technician courses - four years part-time
taken with indentured apprenticeship;

. office-related technician course - three years part-time.
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It is important to note that some four year part-time courses
taken with indentured apprenticeships are associate level rather
than technician level.

In those States where formal courses designed specifically for
encgineering techniciauns are not available, it is assumed that
people in engineering technician occupations usually have
either:

- trade qualifications plus appropriate on-the-job training
and work experience; or

. partial completion of associate 1level qualifications and
appropriate work experience.

There :ure no Australian studies known to the author dealing with
this issue. The present study has provided some data on this.

In Guidelines on Education for the Enagineering Industry, the
Institution of Engineers, Australia and the Australian Institute
of Engineering Associates (1983) have provided guidelines on
education for each of the four categories of engineering
occupation, namely, professional engineers, engineering
associates, engineering technicians and engineering tradesmen.
It is a very useful document for engineering educators because
it is clear, concise, comprehensive, and apparently the result
of extensive consultation zround Australia.

In addition to the fact that it defines each of the four
occupational categories this document promotes the idea of
educational courses designed specificaily for each occupational
level. On this second point it contrasts with the attitude of
the majority of employers in the U.K., as reported in the EITB
study, which is that one type of course is preferred for both
engineering associates and engineering technicians.

There is general agreement in Australia on the types of
educational qualifications required by engineering associates.
The predominant qualification is a four-year part-time course at
a TAFE college, but there are variations among the S+ates and
Territories. Examples are:

. Certificate of Engineering in New South Wales:

. Certificate of Technology in Victoria, and South Australia;
. TAFE Diploma in Western Australia. (Lloyd, 1985, p. 2)
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The titles of these awards is expected to change to Associate
Diploma within a year or two because of standardisation of
titles recommended by the Australian Council on Tertiary Awards
(Haydon, 1985).

The other main qualification is a two-year full-time course at a

cnllege of advanced education. This course 1leads to an
Associate Diploma and is the predominant qualification in
Queensland.

The educational qualifications required by engineering
technicians are specified by TIEA and AIEA (1983, p. 22) as
either:

. an engineering technician course and related training and
work experience, or

. further appropriate education after trade apprenticeship for
the acquisition of knowledge and skills beyond trade level
(as distinct from post-trade education for the enhancement
of trade skills), or

. on-the-job training, either following an appropriate school
preparation or a related trade apprenticeship, and involving
the acquisition of knowledge and skills at technician level.

The last two qualifications point to the fact that many
engineering technician occupations are ~losely related to trade

occupations. Despite this close relationship, it is important
to recognise that not all post-trade education prepares for
technician occupations. Lloyd states that there are three

categories of post-trade education and only the third category
prepares technicians. The three categories are:

- Post-trade courses, to enhance or update trade skills, will
made tradesmen better tradesmen, not technicians.

- Post-trade courses in supervision, will make better trade
foremen, but trade foremen are not *echnicians.

- Courses that build upon the basic trade courses, to provide
greater depth and breadth of knowledge and skills at a level
of activity significantly above trade level, will produce
technicians. (Lloyd, 1985, p. 3)

For those technician occupations that are not closely related to
a trade, an engineering technician course is the preferred
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qualification (IEA and AIEA, 1983; Lloyd, 1985), but Lloyd
(p. 3) recognises that partial completion of an associate-level
TAFE or CAE course 1is often the qualification held by
technicians, particularly in those States that do not offer
three or four year engineering technician courses. These
occupations are referred to as 'office-related' by some authors,
and include detail draftsmen, drafting assistants and technical
assistants.

The Engineering Middles Level Workforce Study in Queensland did
not appear to recognise the office~related engineering
technicians. In its interim report it stated that the lower
middle (i.e. technician) 1level undertakes work "for which a
trade qualificatiorn 1is necessary but increasingly insufficient"
(Henneken et al., 1983, p. 15). However, the policy statement
from the Director of the Division of Employment Planning and
Training, Department of Employment and Industrial Affairs in
Queensland appears to qualify this position, stating that the
technician level 1is predominantly trade-based (Read, 1985,
p. 3). The term used in this statement to describe the
engineering technician 1level is 'trade technician', and this
emphasises the trade relationship.

3.4 OCCUPATIONAL ANALYSIS OF THE ENGINEERING TECHNICAL
WORKFORCE

Few occupational analysis studies, involving the analysis of the
component tasks of the occupation, have been undertaken for
engineering technical workforce occupations.

It will be useful to classify the relevant studies using two
criteria:

- whether cluster analysis has been used to determine the
occupational clusters, based on similarities in tasks
performed;

- whether the full spectrum of engineering technical workforce
occupations, or a single branch of engineering occupations,
was studied.

Studies in each of these categories were sought for review, and
are discussed %elow.

~
-
s
R

43




Studies using cluster analysis

Cluster analysis provides a systematic and quantitative basis
for grouping Jjobs that are similar in task components.
Therefore occupational studies that use cluster analysis
usually provide valuable insights into the smaller sub-groups
within a known occupation, and/or an overview of the
relationships between a group of occupations.

A search of the 1literature by the author revealed no studies
concerned with the full spectrum of the engineering technical
workforce occupations using cluster analysis.

There are, however, a series of studies conducted by Cunningham
and his colleagues (see for example, Pass & Cunningham, 1977;
Riccobono et al., 1974; Cunningham (Ed.), 1969), which undertook
various cluster analysis of a sample of 1414 jobs, representing
a wide range of jobs in the U.S.A.

These studies aimed to validate the Occupational Analysis
Inventory (OAI) and clustering rethod for occupational studies.
The OAI contains 622 ‘'work elements', and may be used as an
instrument for analysing any occupation. The clustering
technique employed was a hierarchical cluster analysis within
the Comprehensive Occupational Data Analysis Programs (CODAP).
A similar cluster analysis method was used in the present study.

These studies have generally confirm the validity of the OAI and

the cluster analysis. For example, one study found, for the
main clusters derived, moderate to substantial within-cluster
homogeneity, inter-cluster discriminability, and cluster

stability (Pass & Cunningham, 1977).

The 1last study in the series (Pass & Cunningham, 1977) used 102
OAI 'first order factors', derived from the 622 work elements.
These factors were used as the basis for clustering the 1414
jobs. The result of the cluster analysis was the identification
of 21 broad 'macro clusters' and 88 narrower 'micro clusters'.
The 88 micro clusters were reduced, by combinations, to 47
categories using judgemental criteria, and these 47 micro
cluster categories are reported.

only two of the 21 macro clusters involve engineering
occupations, and within these, five micro cluster categories
involve engineering occupations. These are listed in Figure
3.3.
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The engineering micro cluster categories are still quite broad,
and do not provide a useful detailed structure for engineering
occupations.

Micro cluster category Number 21 includes professional
engineering occupations over a broad range of engineering

branches, plus drafting occupations. Number 22 includes
electrical and electronic enginzering and technical workforce
occupations. Number 23 includes foremen and supervisors of

production operations, and may include some non-engineering
occupations. Number 43 includes occupations in electrical and

MACRO CLUSTER 6.
Occupations in Applied
Physical Science & Technology

ZL. JZ. A;L.
Architectural Electrical Managers and
Engineering, and Engineering and Operators of
related occupations related occupations operations/sy.tems
MACRG CLUSTER 20.
Electricians, Electronic Technicians,
and Related Occupations
o, &.
Electricians and Occupations in
Electronic Assembly and
Technicians Repair of Electrical/

Electronic Components
and Devices

Figure 3.3 The two macro clusters and five micro clusters
involving engineering occupations found in the Pass
and Cunningham (1977) study

electronic inspection, repair and maintenance, these being
mainly at trade level with some ai technician level. Number 44
includes occupations in electrical and electronic assembly and
repair, these being mainly at trade level.

Other studies

Studies that do not use cluster analysis to group jobs usually
use one or two Key variables to classify the occupational
groups. Such variables include:

Ri(i 4558
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. branchu of engineering (e.qg. mechanical, electrical,
electronic, and civil engineering):

. industry area (e.g. mining, agriculture, manufacturing,
public administrat.ion).

The profiles of tasks performed or skill required for each group
are then determined.

This method is appropriate when the broad structure of the
occupation or occupations under study is well known and the

smaller sub-groups are either known or are not of interest in
the study.

A small number of studies of this type, covering the full
spectrum of the engineering technical workforce, have been
reported. The most comprehensive study reported is the study by
the Engineering Industry Training Board (EITB) in the United
Kingdom (Connor, 1983). Some aspects of this study have already
been discussed in Sections 3.2 and 3.3. A few of the other key
findings of this major study are briefly presented here.

The study involved an interview survey of 833 engineering
technical workers in the 'engineering industry' in the United
Kingdom. It is important to note that the study did not involve
all engineering technical workforce occupations, as the
'engineering industry! only includes establishments within the

scope of the EITB. It excludes civil engineering
establishments, government establishments and foundry
establishments.

The authors reported difficulty in classifying the technical
workforce jobs, commenting:

One of the most impoicant features of the technician
category which makes any classification of jobs within
it extremely difficult, is the wide diversity of jobs
covered Dby the term 'technician' and the many areas in
companies where technicians have a role to play.

(Connor, 1983e, part 5, p. 8)

The researchers used a judgemental method of classification
allocating respondents to various job groups based on their job
descriptions, their range of activities and their job titles.

The study identified 21 main types of job, and each of these was
grouped und:r one of five categories. The five ~ategories and
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21 job types are 1listed in Table 3.7, together with the
percentage distribution of the jobs in the sample.

TABLE 3.7 ENGINEERING TECHNICAL WORKFORCE JOBS AND THEIR
PERCENTAGE DISTRIBUTION (FROM CONNOR (1983e), THE
TECHNIC.AN IN ENGINEERING, PART 5, P. 8)

PERCENTAGE
JOB TYPE (n = 833)
Draftsmen, tech .cal specialist and R D & D related jobs (36%)

Design draftsmen 14
Detail draftsmen 8
Laboratory technicians and technical (e.g. metallurgists,
chemists, laboratory technicians, weights or stress
engineers) 7
Design engineers 4
Development engineers 3

Manufacturing related jobs (25%)
Production and planning enGinec:s/technicians 1
Installation and commissioning engineers
Maintenance engineers/technicians
Software jobs, e.g. NC programmers
Other manufac turing jobs

WWw s W

Test area jobs (18%)
Test engineers/technicians and st~ -dards engineers
Incpectors
Quality and reliability engineers

& o

Customer and supplier related jobs (14%)
Contracts engineers
Service engineers
Estimators
Technical sales engineers
Supplier related jobs

[l I -, |

Central service jobs (7%)
work stud» engineers
Technical authors, writers and illustrators
Other miscellaneous jobs

NN B

TOTAL: 100

The presentation of the data is somewhat confusing in part 5 of
the EITB report, because in some cases the 21 job types are
consolidated into 12 job groups (e.g. Tables 3.2 and 3.3 in the
EITB report), in other cases 13 job groups (e.g. Table 3.4), in
other cases 8 job groups (e.g. Tables 4.1 and 4.9) and in other
cases 9 job groups (e.g. Tables 4.2, 4.3 and Figures 4.1 to
4.9). This variation makes some comparisons difficult or
impossible. Nevertheless a 1large amount of interesting and
useful data are reported on the types of job groups, their
activities and their skill requirements.

The 833 respondents were gquestioned on each of 48 job
'activities!', arranged in 7 main groups. They were also




questioned on the 'skills needed and knowledge required' in 28
areas arranged in 4 main groups. It was found that 'information
and communication activities' was the job activity group ranked
highest in freguency. Of the 833 respondents, 8% carried
out at 1least one activity in this group. A similar result was
obtained in the present study (see Chapter 6). The percentages
for each of the seven activity groups are listed in Table 3.8.

TABLE 3.8 PERCENTAGE OF ENGINEERING TECHNICAL WORKERS WHO
CARRIED OUT AT LEAST ONE ACTIVITY IN EACH GROUP
(FROM  CONNOR (1983e), THE TECHNICIAN _ IN
ENGINEERING, PART 5, P. 15)

ACTIVITY GROUP PERCENTAGE
Information and communication activities 98
Measurement or calculation of physical

characteristics 93
Customer and supplier related activities 85
Design and drawing activities 76
Test and inspection activities 70
Manufacturing related activities 60
Computer related activities 32
TOTAL NUMBER OF RESPONDENTS: 833

Some of the other key results of the EITB study follow:

. the averag: age of the engineering technical workforce was
estimated to be approximately 36 vyears, the largest age
group being the 25 to 34 year old age group which comprised
33% of the engineering technical workforce;

- the percentage of female technical workers is estimated to
be quite 1low, being 2.3% but ther. has been a fairly steady
increase since 1971, when the percentage was 1.8%;

. there has been a trend of a steady increase in the
percentage of engineering technical workers in the total
engineering industry workforce, rising from 7.4% in 1976 to
8.3% in 1981 (with a provisional estimate of 8.7% in 1982);
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. engineering technical workers tend to be concentrated in

large establishments, particularly those of over 1000
employees.

. engineering technical workers also tend to be concentrated
in electronic industries involved with new technology, and

in industries requiring more than an average amount of
drafting and design work.

A survey was conducted by the Technical Education Division of
the Education Department of Western Australia in 1976 and 1977
(Cochrane, 1977). The study was discussed in Section 3.2, and
is of interest here because it was concerned with the full range
of eingineering technical workforce occupations, although it
concentrated on educational qualifications and attitudes to the
TAFE Diploma in Engineering. The report of the study was
entitled A Report on_ the Survey of Industry Needs for
Engineering Courses at_the Technical and Further Education Level
and was released in 1977.

The survey involved interviews with 87 employers and 95

emplovees, the employees being identified as engineering
technical workers.

TABLE 3.9 NUMBER OF EMPLOYEES 1IN EACH OCCUPATIONAL CATEGORY
(SOURCE: COCHRANE, 1977, P. 19)

NUMBER OF EMPLOYEES (PERCENTAGE OF ALL
EMPLOYEES IN BRACKETS)

Private Government

Organisations Organisations TOTAL
Category (n = 49) (n = 36) (n = 85)
Engineers 502 (2.6) 587 (2.8%) 1089 (2.7%)
Engineering technical 474 (2.4%) 1547 (7.4%) 2121 (5.0%)

workers

All employees 19362 (100%) 20789 (100%) 40151 (100%)




The employer survey provided some particularly interesting data
on the numbers of employees in different categories, although
some important aspects were not discussed in the report. The 87
organisations involved in the employer survey comprised 50
private industry firms and 37 government departments or

statutory authorities. Because of incomplete data, some
results from one private and one government organisation were
discarded. Data on the number of employees in each occupational

category are presented in Table 3.9.

Two important results derive from the data in Table 3.9.
Firstly, engineering technical workers are clearly concentrated
in government organisations rather than private organisations.
In the employer survey, 77% of engineering technical workers
were found to be in government organisations and 23% were found
to be in private organisations. Secondly, the overall ratio of
engineering technical workers to engineers varies significantly

between private ana government organisations. For private
industry, +*he ratio is 0.9:1; for government organisations, the
ratio is 2.6:1. Overall the ratio is 1.9:1. sSimilar results

were found in other Australian studies, including the present
study.

Employers in the Western Australian study were also asked to
indicate the numbers of engineering workers employed on each of
ten major work func:ions. The functions mentioned below were
nominated much more frequently than the remaining eight
functions:

. design and drafting;
. plant installation and maintenance (Cochrane, 1977, p. 18)

Another Australian study concerned with the full spectrum of
engineering technical workforce occupations of much interest
here is the Kinhill Stearns study for the National Training
Council entitled The Private Sector Engineering Technical
Workforce in Australia (1985). At the time of writing, the
report of this study was still only in draft form, so the
results reported here should be ragarded as tentative.

The Kinhill Stearns study was restricted to the private sector
only. If Western Australia is representative of the whole of
Australia, it appears t'iat the private sector employs only abouc
a quarter of the engineering technical workforce (see Table
3.9). As discussed earlier, there is a substantial difference
in the ratio of technical workers to engineers between the
public sector and the private sector.
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The Kinhill Stearns study undertook two main surveys:

. an employer survey, sampling 78 firms;
. a technical worker survey, sampling 418 technical workers.

Both surveys sampled the three States of Victoria, New South
Wales and South Australia. Some of the key findings are:

. the 78 employers reported a total of 5261 technical workers
in their firms, of which 2.7% were females (Kinhill Stearns
1985, pp. 11-12);

. the ratio of technical workers to professionals was 1.1 : 1,
and the ratio of technical workers to tradespersons was
l : 2.2 (p. 13):

. for the sample of 418 technical workers, their average age
was about 36 years (the largest group being the 35 to 39
year-old group), the salary range group having the highest
frequency was $20,000 to $25,000, and 5% were females
(pp. 15-16);

for the sample of 418 technical workers, the average time
spent in their present Jjob was 6.6 years, and the average
time spent in engineering occupations was 17.8 years (p.
16).

The Australian Bureau of Statistics has published 1981 Census
data (ABS, 1983). Question 27 in the 1981 Census asked
respondents to describe each person's main Jjob. Thus the
statistical data on occupations 1is based on each person's
self-description of his/her occupation and subsequent
classification by ABS staff. In some cases “he occupational
classification was assisted by the individual's educational
qualifications (ABS, 1982, p. 2).

Engineering technical workforce occupations were classed by the
ABS as occupations within the minor group 'Draftsmen and
Technicians, NEC', NEC being the abbreviation for 'not elsewhere
classified!'. Thirteen occupations were identified in this minor
group (ABS, 1982, p. 12). Using our definition of the
engineering technical workforce (see Section 2.1), six of these
occupations were judged to be primarily engineeriag technical
workforce occupations, these being:

. Draftsmen and Tracers (Code 066)
. Civil Engineering Technicians (Code 068)




Electrical and Electronic Engineering Technicians (Code 069)

. Mechanical Engineering Technicians (Code 070)
. Mining Technicians (Code 073)
Engineering Technicians, NEC (Code 074)

The 1981 Census revealed that a total of 68,092 pzople were
employed in these six occupations in Australia. The

distribution of the labour force by occupations and sex is shown
in Table 3.10.

TABLE 3.10 CROSS~-TABULATION OF EMPLOYEES BY ENGINEERING

TECHNICAL WORKFORCE OCCUPATION AND BY SEX, FROM THE
1981 CENSUS

PERSONS%

OCCUPATION MALES FEMALES FEMALE% PERSONS OF TOTAL
DRAFTSMEN & TRACERS 27973 5245 15.8 33218 48.8
CIVIL ENG. TECHN. 7744 330 4.1 8071 11.9
ELECTRICAL/ELECTRONIC T. 15865 253 2.6 16118 23.7
MECHANICAL ENG. TECHN. 3751 67 1.8 3819 5.6
MINING TECHN. 605 49 7.5 653 1.0
ENG. TECHN. NEC 5627 587 9.4 6213 9.1
TOTAL: 61565 6531 9.6 68092 100.0

Source: Australian Bureau of Statistics 1981 cCensus of
Population and Housing, Table 74, 1983.

NOTE: 1. Each cell in this table has been slightly randcaly
adjusted by ABS to avoid the release of confidential
data. Totals may be slightly more or less than the
sum of their components.

2. Comporent percentages may total slighty more or less
than 100 because of rounding of conponent
percentagdes.

Table 3.10 also indicates significant variation in the
proportion of females among the six occupations. Similar
results were found in other Australian studies and the present

study (see for example Cochrane 1977, p. 17; Kinhill Stearns,
1985, p. 11).

The remaining seven occupations were 3judged to be primarily
non-engineering, although it is 1likely that some engineering
technical workers could be classified in some of these
occupations. These seven occupations are:




Physical Science Technicians (Code 067)

. Chemical Engineering Technicians (Code 071)
. Metallurgical Technicia.is (Code 072)
. Medical Science Technicians (Code 075)
. Life Sciences Technicians, NEC (Code 076)
. Veterinary Assistants, Technical (Code 077)
. Pharmaceutical Assistants, Technical (Code 078).

"he 1981 Census revealed that a total of 41,008 people were
employed in these seven occupations in Australia, and the total
number classifed in the minor group 'Draftsmen and Technicians,
NEC' is 109,100 people.

Table 3.11 RECENT MAJOR OCCUPATIONAL ANALYSIS STUDIES
CONCERNED WITH A BRANCH OF THE ENGINEERING
TECHNICAL WORKFORCE AND A PARTICULAR STATE
OF AUSTRALIA

BRANCH OF
ENGINEERING STATE STUDY
Mechanical New South Wales Brady, 1980
New South Wales Brady, 1981
Electrical, New South Wales DTAFE NSW, 1978
Electronic South Australia Hinkins, 1981
South Australia Parkinson, 1983
Queensland Knobel, 1985
Civil, structural, New South Wales Salasoo, 1980
surveying and Victoria Peters, 1981 a
related Victoria Peters, 1281 b
Victoria Malley et al., 1982
South Australia Brown, 1983
Drafting New South Wales Neilson et al., 1982
New South Wales Naylor, 1982
Other branches Victoria TDDEV, 1975

New South Wales Grannall, 1982
New South Wales McGee & Piterans, 1983




As the 1981 Census occupational categories do not closely
coincide with the definition of the broad category of the
engineers technical workforce used in the present study, caution
should be exercised in comparing the Census data with data from
the present study. The 1981 Census does not provide an estimate
of the size of the engineers technical workforce in Australia
for the same reason.

In Australia and overseas there have been a number of narrower
occupational studies conducted in a particular geographic area
for a single branch of engineering.

A good example is the New South Wales TAFE study (Salasoo, 1980)
of the job functions of the civil engineering, structural
engineering and materials testing technical workforce
occupations. A list of the recent major studies of this type is
given in Table 3.11. Such studies have provided useful detailed
information on industry needs for curriculum developers in TAFE
and Training Authorities in Australia. Although many of these
studies are relevant to aspects cf the present study, a review
of each of these studies is not provided here. However, the
results of some of these studies will be compared with relevant
results of the present study in Chapters 5 and 6.

3.5 CODAP OCCUPATIONAL ANALYSIS METHODOIOGY

Occupational analysis usually involves determining the duties or
tasks performed by a group of workers performing siasilar jobs.
The term is usually distinguished from the narrower term 'job
analysis', as Jjob analysis often concentrates on studying the
duties or tasks performed by an individual worker,

Occupational analysis has a variety of applications, but the
major applications of interest in this study are those of
education and training needs, job classification, and career
paths.

CODAP (Comprehensive Occupational Data Analysis Programs)
methodolegy was pri irily developed within the United states Air
Force and has been applied in occupational studies in the
defence services in the United States, Australia and other
countries for many vyears. It is a well developed methodology
that has been extensively tested and validated.

Whereas CODAP refers specifically to a suite of 50 computer
programs, the term is also used to describe the associated data
gathering methods. These methods involve a survey using a task
inventory.
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CODAP is very useful when a detailed analysis of the work of 50
or more workers is required. A CODAP study will:

. find what Jjob groups exist, each job group consisting of
workers having similar job profiles;

. provide a job profile on each job group;

. provide a general profile on each job group on variables
such as age, sex, job experience, education and location.

-.1¢ CODAP method may be used for any occupation which may be
broken down into a number of tasks. Thus it is particularly
applicable to manual occupations, but may also be used for
almost any technical, clerical or managerial occupation.

The task-—-inventory and the primary task factor

In Occupational analysis the -essential information to be
obtained is which tasks are performed and the relative
contribution of each task in terms of its importance or length
of performance.

Christal (1973, pp. 1-8) exp.ains how the task-inventory is
develcped for each occupational survey and which rating scales
should be applied to each task in the inventory. He and a
number of other atthors recommend relative time spent as the
primary task factor rather than other factors such as frequency
of performance. Christal (1973, pp. 7-8) states:

I strongly recommend use of the relative time-spent
scale as the primary rating factor in occupational
surveys, and that the obtained values be transformed
into percent time-spent estimates. This is a
requirement for the CODAP system, and it makes possible
many types of analyses which cannot be accomplished
using frequency of performance data.

in recent years a number of researchers using CODAP methodology
have used another scale, termed 'contribution to job'. The
rationale for this scale is that for many occupations, and
particularly those above base level occupations, the time-spent
on a task is not the most pertinent measure. Some tasks may be
very time consuming but relatively unimportant, whereas other
tasks may require 1little time but be very significant in the
overall performance of a person's Jjob. For the contribution
scale respondents are asked to consider factors such as the
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importance and the time-spent on each task, and then rate the
relative contribution to their job of each task. The relative
contribution to job and the relative time-spent scales are
similar types of scales. The concepts of 100% contribution for
all tasks, and 100% time-spent for all tasks, are valid and
meaningful. Thus, the ratings for individual tasks may be
converted to percentages for either scale.

The initial CODAP program converts the relative contribution or
time-spent ratings into percent contribution or time-spent for
each respondent. Subsequent analyses, such as the computation
of group contribution or time-spent and cluster analysis, are
performed on these individual task percent values.

Cluster analysis by CODAP

A hierarchical cluster analysis procedure is used by CODAP to
determine the occupational clusters based on similarity in task
profiles. Unlike some other hierarchical cluster analysis
procedures, the CODAP procedure does not increase the similarity
index if two cases do not perform a particular task. This is an
important desirable feature when large task inventories are
used.

Archer (1966) describes in some detail the cluster analysis
procedure used by CODAP. At the initial stage, each of the .
respondents in the analysis is treated as a cluster containing
one member. The 'average overlap between groups' is calculated
for each pair of clusters. Later writers termed the average
overlap between groups as the 'between groups overlap index'.
The between groups overlap index measures the degree of
similarity in the task profiles of a pair of clusters, and has a
maximum of 100% and a minimum of 0%. In each clustering stage,
the pair of clusters with the highest between groups overlap
index is merged into a single cluster. Thus after the first
stage, n-1 clusters remain. The overlap index for each pair of
clusters containing the new cluster is then calculated. Again
the pair of clusters having the highest index is merged into a
single cluster, 1leaving n-2 clusters. This cycle is repeated
until a single cluster containing all the respondents is formed.

As each new cluster is formed, the average overlap within the
new cluster is computed. Later writers termed the average
overlap within the cluster as the 'within group overlap index'.
The within group overlap index measures the degree ot similarity
in the task profiles of the respondents in the cluster and has a
maximum of 100% and minimum of 0%.
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The 'diagram' printout showing the result of the cluster
analysis bv CODAP is in the form of a tree diagram
(dendrogram) . All clusters newly formed by the clustering

program are shown in the diagram if they contain five (or any
other predetermined minimum number) or more respondents. For
each cluster the between groups overlap index and the within
group overlap index are printed, and lines indicate the way in
which each new cluster is formed from a pair of two smaller
clusters. In the present study the diagram printout was quite
large, so Figure 5.1 presents a simplified version.

Once the diagram printout is obtained the problem is to decide
which, if any, of the clusters shown in the tree diagram
represent significantly differemt job types. Archer (1966, p.
24) suggests what a suitable level of cluster homogeneity exists
when the 'within group overlap index' is approximately 50% or
higher anu the ‘'ketween groups overlap index' is approximately
35% or higher. Clusters with lower indicer are likely to be too
heterogeneous to be called a single job .ype. However, Archer
states that it is preferable to use these two indices only as

«++«. tentative indicators of significant job types, and to
consider additional information, such as the background
characteristics of group members, before making final
decisions. (1966, p. 24).

The group job description

Once the significant job types have been identified, a variety
of analyses may be performed to obtain information on the task
and duty profiles and other characteristics of each job type.

The task profile of a cluster is termed the ‘'group job
description' by CODAP writers (Goody, 1982, p. 35). The group
job description is an important product of CODAP analysis. It
is computed from the individual Jjob descriptions of all the
respondents n the cluster. Alongside each task in the
inventory three main items of information are given. These are:

the percentage of members in the cluster that perform the
task (percent performing);

. the percentage contribution or time-spent on the task by
t.ilose members who perform it;

. the percent contribition or time-spent on the task by the
cluster as a whole (overall percent contribution or
time-spent).
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The third value is obtained by simply multiplying the first two
values together and dividing by 100. For example, suppose there
are 200 respondents in a cluster and 150 of them perform a
particular task; and for these 150 respondents the average
percentage contribution of the task is 8%, the three values that
will be given are:

« 75% of members in the cluster perform the task;

- the task contributes an average of 8% to the jobs of those
members who perform the task;

. the task contributes an average of 6% to the jobs of all
members of the cluster.

The group job descriptions of each occupational cluster provide
the basic information required by vocavlional curriculum
developers. The primary task factor information of percent
performing the task and overall percent contribution or
time-spent on the :ask establishes the ‘'onus of proof' for
course content. If curriculum designers want to include a
little-used skill, the onus is on them to show why resources
should be allocated to teaching it. Conversely, if a skill is
regularly used in the workpl.ce, its omission from the
curriculum should be justified (Goody, 1982, p. 33).
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CHAPTER FOUR: METHODOLOGY

To achieve the research objectives, a national survey of the
engineering technical workforce was conducted. The sampling
frame and survey instrument wery developed partly by
interviewing representatives from industry, education and
professional and para-professional associations.

4.1 SAMPLING

No single 1list of names and addresses adequately covered the
population of engineering technical workers in Australia. The
validity of this cluster analysis study depends on the
comprehensiveness of the sample. All of the important groups or
clusters of engineering technical workers need to be sampled to
provide a complete analysis of the engineering technical
workforce structure. A biased sample will have little effect on
the cluster analysis, other than effect the relative sizes of
the populations they represent. To ensure a comprehensive
sample, a sampling frame using two sources was used as follows:

1. Employer sampling frame

. A list of firms 1likely to employ engineering technical
workers was prepared from the yellow pages of telephone
directories.

. A stratified random sample of the above list was selected,
based on the stratum of State or Territoxry. The 1981
census statistics for engineering technical workforce
occupations, as given in Table A-1 in Appendix A, was used
to proportionally divide the sample strata.

. A preliminary mail survey of sampled firms was undertaken
to determine size of engineering technical workforce
within each firm and the names c¢f employees willing to
participate in the main survey.

. A sampling frame was constructed, based on results of the
above preliminary survey.




2. TAFE/CAE student and aduate sampling frame

. Na..es and addresses of students enrolled in middle level
engineering courses in TAFE and CAE cclleges in Australia
were obtained. To ensure a wide range in length of
industrial experience, two cohorts were sampled:

- graduates and students enrolled in all stages of a
course in 1980,

- graduates and students enrolled in all stages of a
course in 1984.

. A stratified random sample of the above list was selected,
based on the stratum of State or Territory. The 1981
census statistics for engineering technical workforce
occupations, as given in Table A-1 in Appendix A, was used
to proportionally divide the sample strata.

. A preliminary mail survey of the sampled students and
ex-students was undertaken to determine the names of those
who were willing to participate in the main survey.

. A sampling frame was constructed, based on results of this
preliminary survey.

It was important to obtain a sample size of over 1,000 in the
main survey to enable good coverage of the engineering
occupations and a valid and stable cluster analysis.

Because of the characteristics of the sampling frame, a low
response rate was =xpected for the preliminary survey. For
example, the addresses for the 1980 students were 5 years
out-of-date. To overcome this, a large initial mailing of about
5,000 was undertaken, and follow-up letters were sent to those
on the industry 1list. Because of the confidentiality
requirements in some States, follow-up letters could not be sent
to those on the student list. Follow-up letters were also sent
to those on the industry list in the main survey.

The preliminary survey was conducted in November 1984. A small
pilot survey, using a draft of the main survey instrument, was
conducted in January 1985. The final main survey was conducted
in April 1985.




TABLE 4.1 PRELIMINARY SURVEY RETURNS

Industry Student
survey survey Totals

(a) Number 2,523 2,820 5,343
(b) Returned but not usable

. returned unopened 204 203 407

. returned after deadline 11 5 16
(c) Net (a-b) 2,308 2,612 4,920
(d) Completed Ly deadline 1,089 1,090 2,179
(e) kesponse rate (d/c) 47% 42% 44%

TABLE 4.2 MAIN SURVEY RETURNS
Industry Student
survey survey Totals

(a) Number posted 1,109 712 1,821
(b) Returned but not usable:

. returned unopened (12) (4) (16)

. returned blank (17) (4) (21)

« no to question 1 (30) (28) (58)

. returned after deadline (31) (24) (55)

Total for (b) 90 60 150
(c) Net (a-b) 1,019 652 1,671
(d) Completed by deadline 773 457 1,230
(e) Respoilse rate (d/c) 76% 70% 74%

The resulting response rates overall were 44% in the preliminary

survey and 74%

given in Tabies 4.1 and 4.2.

in the main survey.
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4.2 SURVEY INSTRUMENTS

The preliminary survey instruments were primarily designed to
obtain the names and addresses of those within the engineering
technical workforce and who were willing to complete the more
detailed survey. Copies of the preliminary student
questionnaire and the preliminary industry questionnaire are
given in Appendix B. Copies of the covering 1letters and
follow-up letter are also given in Appendix B.

In both dquestionnaires, information on the field of engineering
was  sought. In the preliminary industry questionnaire,
additional information on the number of engineering workers at
each level was sought.

The purpose of the main survey was to obtain information on the
respondents, their employing organisations, ard the tasks that
they performed in their jobs.

The main survey instrument was a mail questionnaire in the form
of a 40-page bcoklet with crnvering letter. Copies of the
booklet and covering 1letter are given in Appendix B. The
booklet was composed of two main sections. The first section
dealt with the background variables of age, gender, educational
attainment, job title, job experience, size and location of
fixm, salary and other variables. The second section consisted
of an inventory of work elements. This inventory was developed
to satisfy the following criteria:

. it adequately covered the scope of work performed by the
engineering technical workforce in Australia;

. items in the inventory differentiated workers in different
occupational clusters;

. items in the inventory provided useful information to TAFE
curriculum developers and some items specifically covered
work involving computers and other items covered work
involved in quality control;

. the work elements were constructed at a 1level of
specificity to result in an inventory of between 500 and
1,000 elements;

. the work elements and their items conformed to CODAP
methodology (Christal, 1973; Goody, 1982), and in
particular the first word of each task was to be a verb.




The design of the whoie questionnaire was influenced by two
general faccors. Firstly, although the nature of this research
meant that the questionnaire was necessarily lengthy, it had to
be easy to answer and not too time consuming. One way in which
this was achieved was to arrange the tasks into small groups so
that respondents were able to skip whole groups of tasks.

Secondly, it had to allow straightforward keypunching and data
checking.

The inventory of tasks was developed by a panel of six experts,
each of whom was familiar with engineering technical work in a
major branch of ergineering. The panel of experts was given the
above criteria. They undertook the developaent as individuals,
and, towards the end of the development phase, worked as a group

with the researcher tn ensure consistency in style and to avoid
dupliication.

After the development of the task inventory a draft of the ma.n
survey instrument was prepared. This was circulated to members

of the project advisory committee and other interested persons
for comment.

In addition, a pilot survey was undertaken using the draft
survey instrument. The intention of this pilot study was to
identify any difficulties or shortcomings in the survey
instrument. A particular objective of the pilot surtv s’ was to
ensure that the inventory of tasks adequately covered the work
of the engineering technical workforce. The last section of the
pilot  survey instrument sought general information on the
coverage of the task inventory, the clarity of the questions,
and the time taken to complete the questionnaire. A sample of
30 respondents was used, and ten of the respondents (from New
South Wales, Victoria, and South Australia) were subsequently
interviewed to obtain more specific information.

The comments from the Advisory Committee, the data from the
pilot survey, and the interviews each provided very useful
information, and this information helped to shape the final
version of the main survey instrument. In particular, the task
inventory was expanded from 596 tasks in 60 groups in the pilot
survey to 621 tasks in 61 groups in the final survey. The new
group was titled 'BA - other electronic devices' and consisted
of 8 tasks. Overall, however, the final version of the main
survey instrument was not substantially different from the draft
version used in the pilot survey.




L

TABLE 4.3 THE DUTIES AND TASK NUMBERS IN SECTION B OF THE MAIN

QUESTIONNAIRE
Duty No. of tasks

A. Project pianning and management 8
8. General administration 15
C. Written communication 11
D, Oral communication 15
2. Finance and estimating 8
F. Puzchasing 7
G. Staff development 10
H. Staff supervision 3
J. Quality assurance/quality control 6
K. Quality testing and measuring 14
L. Materials testing 3
M. Maintenance 10
N. Safety 5
P. Site 1inspection and lnvestigation 14
Q. Data collection and analysis 7
R. Use of calculators and ¢ mputers 12
S. Computer and digital control equipment 12
T. Computing systems 9
u. Digital and computing hardware 17
V. Computing software 190
. Engineering drawing and graphics 8
X. Design drafting 12
Y. Engineering survey drafting 7
z. Cadastral survey drafting 7
AA, Electronic fabrication 6
AB. Power gereration, energy transfer and £lu:id flow 11
AC. Blectrical power jeneration, transmission distribution

and utilization 27
AD. Automatic control systems 20
AE. garth moving and mining 8
AF. Motorised transport systems 9
AG, Process plant engineering 10
AH. Metal fabrication, turning and casting 11
AJ. Wood, paper, plastics and packaging 11
AK. Building services 13
AL. Advisory and specialist services 14
AM. Construction 11
AN. Biotechnology and erjanomics 12
AP. Tooling and equ:ipment 12
AC. Materials handling 6
AR, Production engineezing 9
AS. Work scudy 8
AT. Fluid pewer 10
At Slectrical instruments and sensors 11
AV. Power electronic 3devices 11
AW, lectrical protection devices, telays and concaccors 14
AX. Power transformers, circuit “reakers and 130lators i7
AY. Electrical drives 13
AZ. Electronic communicat:ion 8
BA, Other electronic dewvices 8
BB. Engineering surveying 10
BC. Cadastral surveying 4
8D, Hydrographic surveying and drzawing 10
BE. Survey computations 7
BF. Civil desiqgn and computations 11
BG. Structural design and computations E]
BH. Hydrology and hydraulics 9
BJ. Town planning 8
BK. Cartography 7
BL. Air photo and map interpretation 10
BM. Survey investigation and searching 8
BN. St1ll and movie photoqgraphy 5
Total tasks 621

ERIC 64 75

Aruitoxt provided by Eic:




For the purpose of this study, the work elewents in the

inventory were called ‘tasks'. There were a total of 621 tasks
in the inventory. These were arranged into groups called
'duties'. There were 61 duties in the inventory, and .nese are

listed in Table 4.3. During the analysis nhase of the project,
the 61 duties were arranged into four grours called 'areas', to
assist in interpretation of results. These four areas were not
indicated on the survey instrument.

A 7-point rating scale of 'contribution to your job' was used
for each of the 621 tasks in the inventory. Respondents were
asked to consider the overall contribution that their
performance of the task makes to their job. They were
instructed that the contribution rating should be influenced
equally by two factors:

. amount of time spent on the task:;
. importance of the task.

Instructions on how to rate the contribution of each task were
given at the start of Part B on Page 7 of the questionnaire. 1In
addition, the rating sczle was reproduced frequently throughout
the succeeding pages of the task inventory.

The ‘'contribution to Jjob' scale was used instead of the more
common 'time-spent' scale because it was considered to be more
appropriate in this study. In engineering work, tasks may
consume relatively little time yet contribute relatively much to
the overail 3job of the technical worker. Relative contribution
is the variable of more interest to curriculum designers.

4.3 DATA ANALYSIS
Simple statistics were obtained from the preliminary surveys.

The main survey data were analysed by various programmes within
CODAP (Comprenensive Occupational Data Analysis Programmes).
While many of the CODAP analyses parallel analyses performed by
programmes within other statistical computer packages such as
SPSS and GENSTAT, the CODAP analyses provided a good format as
well as greater detail.

The Xkey part of the analysis was the cluster analysis. This

sorts the sample of respondents into groups or clusters, based
on their similarity in tasks performed.

)




After the clusters were determined, the characteristics of each
cluster were analysed to give:

. task and duty profiles;
. profiles on background variables (e.g. age, gender,
salary, education).

Some frequency cross-tabulations on field of engineering by
other background variables were also performed.

The existence of two 1levels within the engineering technical
werkforce was tested ny checking for relationships between:

. nigiest education and 'task level index!';
. highest education and number of tasks performed.

The correlatiza between these two pairs of variables were
calculated and the significance levels determined.

Tasit level index was measured by firstly obtaining for each of
the 621 tasks, an average task level rating on a 1 to 7 scale as
follows:

7 - task always performed by wupper middle 1level technical
workers (or professional engineers)

6 - task mostly performed by upper middle 1level technical
workers (or professional engineers)

5 - task performed by upper middle 1level technical workers
more often than lower middle level technical workers

4 - task performed about equally by upper and lower midale
level technical workers

3 - task performed by lower middle level technical workers
more often than upper middle level technical workers

2 - task mostly performed by lower middle level technical
workers (or tradespeople)

1 - task always performed by lower middle level technical
vorkers (or tradespeople)

The ave.age ratings were calculated from the ratings of a panel
of ten experts who were fawiliar with engineering associate
level and technician level occupations. There was a reasonably
good level of agreemert among the ten raters.
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These average ratings were then rescaled to give a 0 to 1l
range. The task level index for each cluster was calculated by
summing the products of the rescaled task ratings and the
overall contribution to Jjob percentages, over the 621 tasks in
the inventory. The theoretical range of the task level index is
0 to 100.

Task 1level index was calculated to give an indication of the
average level, of tasks performed, based on the model
represented in Figure 3.1 and the assumption of two levels
within the engineering technical workforce.
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CHAPTER 5: PRELIMINARY SURVEY RESULTS

The main purpose of the preliminary surveys was to obtain the
names and addresses of engineering technical workers who were
willing to participate in the subsequent main survey. Some
additional wuseful information was obtained, including the field
of engineering of the respondent and, in the case of the
preliminary industry survey, the distribution of employees among
four engineering occupational categories. These results are
presented in the foi.owing sections.

TABLE 5.1 DISTRIBUTION OF RESPONDENTS IN DIFFERENT FIELDS OF

ENGINEERING

Prelim. Prelim.

student industry

survey survey

Field no. resp. no. employers#*

Electronic 151 122
Electrical 122 223
Mechanical 144 386
Production 35 120
Work study/methods 3 20
Structural 19 284
Materials t-sting 12 81
Civil 60 386
Surveying 31 142
Mining 8 61
Automotive 51 102
other field 107 122
Unusable 44 -
TOTAL: 787 2 030

*Note: In the preliminary industry survey, employers could
nominate more than one field of engineering.
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5.1 FIELD OF ENGINEERING

Table 5.1 gives the distribution of respondents in different
fields or branches of engineering. Differences in the
distribution between the preliminary student survey and
preliminary industry survey were expected because of the
different sampling frames, and the fact that multiple responses
on the 'field of engineering' question were allowed in the
preliminary industry survey, while only one response was allowed
in the preliminary student survey.

The distribution of respondents in different fields of
engineering in the main survey is discussed in Section 6.2.

5.2 ENGINEERING OCCUPATIONAL CATEGORIES

Question three in the preliminary industry survey asked
respondents to indicate the number of engineering workers in
their organisation in each of four categories:

. professional engineer or surveyor
. engineering technical worker

. tradesperson

. apprentice.

TABLE 5.2 NUMBER OF ORGANISATIONS CROSS~TABULATED ON NUMBER OF
ENGINEERING EMPLOYEES BY CATEGORY

No. employees Professional Technical Trade Apprentice
0 415 393 468 634
1 138 109 54 121
2-5 238 246 181 184
6-10 123 17 114 51
11-20 /2 a7 22 P
21-50 40 64 73 26
51-100 20 22 29 16
100~200 8 10 31 5
200~1,000 15 21 26 12
over 1,000 1 6 10 2
Minimum 0 0 0 0
Maximum 1 470 4 540 4 690 1 705
No. responcses 1 079 1 076 1 675 1 074
Total no.

employees 14 515 28 187 46 194 11 €75
Mean no.

employees 13.5 26.2 43.0 10.9
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It was expected that our sampling procedure would involve
contacting some organisations that employed no encineering
staff. Of the 1089 respondents, 118 indicated no eagineering
staff employed in all four categories. These 118 cases were
excluded from the analysis.

Table 5.2 gives the number of organisations cross-tabulated on
number of engineering employees by category for the
organisations responding in the preliminary industry survey. A
high proportion of organisations had one or two employees in
only one of the levels and no employees in the other levels, and
this was refle.ted in the relatively 1large numbers of
organisations having no employees in the four categories (first
row of Table 5.2). A small number or orgar.isations had very
large numbers of employees in each 1level, and this had a
significant effect on the mean number of employees at each
level. Overall, there are most employees at the trade level
(mean = 43.0).

Table 5.3 gives the number of organisations cross-tabulated on
number of professional engineers by number of engineeriry
technical workers. The table indicates that 140 organisations
had no professional or technical workers in engineering (but
must have had at least one trade or apprentice worker).

The pattern of frequencies in this table indicates that in
small, medium and large organisations, the number of employees
in technical 1levels is generally about the same or higher than
the number of employees at professional levels of engineering.
A further trend apparent in Table 5.3 1is that 1large
organisations tend to have higher ratios of engineering
technical workers to professional engineers compared with small
organisations.
TABLE 5.3 NUMBEK OF ORGANISATIONS CROSSTABULATED ON NUMBER OF
PROFESSIONAL ENGINEERS BY NUMBER OF ENGINEERING
TECHNICAL WORKERS

Technical 0 1 2=5 6-10 11-20 21-50 51-100 100-200 200-1000 over 1000 Total

Professional
0 140 50 70 17 13 3
1 69 29 28 8 0 1
2-5 19 26 106 42 15 4
6-10 14 4 29 15 24 16
11-2) 4 10 13 29 20
21-50
51-100
100-209
200-1000
over 1000
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Table 5.3 also indicates that the ratio of engineering technical
workers to professional engineers varies widely among the
different employers. For example, two organisations indicated
51 to 100 professional engineers and no engineering technical
workers. On the other hand, another two orga.isations indicated
200 to 1000 engineering technical workers and no professional
engineer. This point should be borne in mind when examining
whole sample ratios. In addition, other studies indicate that
there may be a big difference between the public sector and the
private sector in the average ratio, with the public secto:
tending to have a higher ratio of engineering technical workers
to professional engineers (see Section 3.4).

For the preliminary industry survey, whole sample ratios are
given in Table 5.4. These ratios are simpl; computed from the
mean number of employees per organisation in each category, as
given in Table 5.2.

TABLE 5.4 WHOLE SAMPLE RATIOS OF EMPLOYEES IN EACH CATEGORY

Ratio

Technical workers:professionals
Tradespersons: technical workers
Apprentices:tradespersons

The 1.9:1 ratio of technical workers to professionals is the
same as that found in the Education Department of Western
Australia study (Cochrane, 1977). The three ratios differ
though from those found in the Kinhill Stearns (1985) study. It
is strongly suspected that the differences are mostly
attributable to differences between the public and private

sector, as the Kinhill Stearns study only sampled the private
sector. .




CHAPTER 6: MAIN SURVEY RESULTS

The main survey obtained a net national sample of 1,230
engineering technical workers, and its purpose was to identify
the main occupational groups and their characteristics.

This chapter presents the results of this eurvey. The key
result was obtained from the cluster analysis of the sample, and
this is presen:ed in the first section. 1In subsequent sections,
the background information and 3iobh functions of each group is
discussed, progressing fror the whole sample (representing the

engineering technical workforce) %o the minor clusters as
follows:

whole sample

<

major clusters

<

intermediate and primary clusters

The intermediate and primary clusters within each of the four
major clusters are dealt with in separate sections.

6.1 CLUSTER ANALYSIS RESULTS

The most important part of the analysis of the main survey data
is the cluster analysis.

When interpreting the result of 4{he cluster analysis, four
things should be borne in mind. Firstly, the clustering is
based on the similarity of task contribution ratings (Section B
of questionnaire). Thus, two respondents who perform somewhat
simiiar tasks are 1likely to be in the same cluster, irrespective
of possible differences in their background characteristics such
as 1ge, education and size of employer.




Secondly, .lusters wers only included in subsequent analysis if
they contained five or more members.

Thirdly, the primary clusters at the bottom of the cluster
diagram were only included in subsequent analysis if they had a
within group overlap index (a measure of cluster homogeneity) of
40% or more and a between groups overlap index of 25% or more.
Most of the primary clusters had a within group overlap index of
50% or more. Those having within group indices of 40 to 45%
and/or between groups indices of 25 to 30% should be regarded as
marginal, and are indicated by an asterisk  *) in Tables 6.4,
6.5, 6.6 and 6.7.

Foirthly, ainterpretation of the nature of each occupational
cluster may be based on all of the information available from
analysis of the survey, and this includes the duty profiles,
task profiles and profiles on background variables. The titles
assigned to each occ.ipational cluster in this study are
descriptive and have no industrial or legal status. The titles
have been assigned on the basis of the job profile of each
cluster.

In Section 3.5 the clustering process was described in general
terms. When examining the clusters obtained in this study, it
will be usefull to distinguish five types of cluster, obtained
at different stages in the clustering process as follows:

whole sample cluster (n = 1)

Y

major clusters (n = 4)

Y

intermediate clusters (n = 45)

)

primary clusters (n = 99)

Y

individual respondent clusters (n = 1230)

In this study the 1230 respondents formed 1230 individual
respondent clusters at the first stage of the c¢lustering
process. In subsequent stages, the clusters combined to form
larger clusters, until a single whole sample cluster,
containing 1230 members, was formed. The cluster diagram shows
all of the clusters except the individual respondent clusters.
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NOTES: 1. The number at the top of each box or circle 1is the
‘cluster number' which has been assiyned during the
clusterang process. The numbers in parentheses reter
to the number of respondents in ecach cluster.

2. Only the larger clusters are shown in this summary.
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Cluster diagram summary

The result of the cluster analysis is summarised in Figure 6.1,
giving the four major clusters and important intermediate
clusters. The full cluster diagram has been divided into four
parts because of its 1large size, and is given in Figures 6.2,
6.3, 6.4 and 6.5.

Each bo¥ or circle in the cluster diagram represents a cluster
of five or more respondents. The number at the top of each box
or circle is an arbitrary number assigned during the clustering

process, and is called cluster number or group number

The number in brackets indicates the number of respondents
within that cluster.

The cluster diagram is a two-dimensional tree diagram, useful
for showing the primary relationships between clusters. For
each cluster, the immediate neighbouring clusters are similar in
job profile. As the analysis is multidimensional rather than
two-dimensional, it is quite possible that a cluster near the
far left of the diagram may have a somewhat similar job profile
to a cluster near the far right.

The vertical position in the diagram indicates the approximate
degree of similarity within each cluster. A cluster at the
bottom of the dendrogram has high withir group similarity. In
other words, members of such a cluster tend to be homogeneous in
their job profiles. A cluster near the top of the dendrogram
has 1low within group similarity. In other words, members of
such a cluster tend to be heterogeneous in their job profiles.

Clusters 1linked directly by vertical lines to a cluster above in
the diagram are sub-sets of that cluster above it.

Primary clusters

The primary clusters are shown at the bottom of the full cluster
diagram (Figures 6.2 to 6.5) and, as stated before, are only
shown in the diagram if they contain five or more members and
have a within group overlap index of over 40% and a between
groups overlap index of over 25%. In this study, each primary
cluster represents a distinct job type or occupational cluster
within the engineering technical workforce. There were 99
primary clusters found in this study.
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The Jjob type of each of the 99 primary clusters was interpreted
by referring to the duty and task prefiles of the cluster.
Further help in determining the nature of each cluster was
obtained by referring to the background information on each
cluster, particularly the information on average age, average
salary and highest education.

It was found that each of the primary clusters was clearly
interpretable, and consequently a discriptive title was given to

each cluster.

Intermediate clusters

The intermediate clusters are shown above the primary clusters
but below the major clusters. The intermediate clusters consist
of two or more primary clusters, and are larger than most
primary clusters. Each intermediate cluster represents a broad
occupational category in the engineering technical workforce.
There were 45 intermediate clusters fcand in this study.

The number of respondents in each intermediate cluster must be
greater than or equal to the sum of the number of respondents in
each primary cluster linked below it. In cases when the number
in the intermediate cluster is higher than the sum, some
individual outlying respondents have merged with the
intermediate cluster at the intermediate stage of the clustering
process.

The hierarchical pattern of the cluster diagram was meaningful
and easy to interpret. This pattern provides useful guidelines
for those planning courses for the engineering technical
workforce. It suggests, for example, ways in which:

- mainstream courses may include more specialised options
which meet the needs of one or more primary cliusters;

- courses aimed at the needs of broad occupational categories
(represented by the intermediate clusters) may be composed
of curriculum modules, each module meeting the needs of a
primary cluster.

Major clusters

The major clusters are shown near the top of the cluster
diagram, and consist of two or more intermediate clusters. Four
major clusters were found in this study:

o



. cluster 74 .38 respondents) titled 'Engineering Systenms
and Administration';

. <cluster 8z (318 respondents) *itled 'civil Engineering and
Surveying!';

. cluster 68 (123 respondents )titled 'Drafting and Design';

. cluster 34 (188 respondents) titled 'E'ectrical and
Electronic Engireering'.

These four major clusters are gquite comprehensive in their
coverage of the occupations within the engineering iechnical
workforce, as altogether 96 of the 99 primary clusters .;ere
included in one of the four major clusters. The three clusters
that were not included may be termed 'outliers'. oOutliers merge
directly with the whole sample cluster, without merging into one
of the major clusters.

One of the cutliers, titled ‘senior structural analysis and
desigi: officers', was positioned between the two major clusters
'civil engineering and surveying' and 'drafting and design', and
is shown in Figure 6.4.

The other two outliers, titled 'fluidic and electronic
technicians! and 'equipment malintenance technicians', were
positioned adjacent to the major cluster ‘'electrical and
electronic engineering', and are shown in Figure 6.5.

Interpretation of the cluster analysis result

All except one of the traditional major engineering disciplines
2 ged as single distinct major clusters in the cluster
analysis.

Civil engineering and surveying emerged as a major cluster, as
did electrical and electronic engineering. The interesting
feature is that the major field of mechanical engineering did
not form a single distinct major occupational cluster, but
tended to be included in the two major clusters of:

. engineering systems and administration (27% of members in
the mechanical field);

. drafting and design (40% of members in the mechanical
field).
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The major cluster of Engineering Systems and Administration
(cluster 74) includes good numbers of those within mechanical,
electrical, civil and electronic engineering. Membership of

this cluster seems to be based on the common duties of written

and oral communication, staff supervision and general
administration, as well as other general engineering duties.
Specialised engineering duties are less important in this major
cluster. The average age, salary, and contribution of
administration and supervision tasks indicates that, in i
general, these members tend to hold more senior jobs within
their organisations tlLan members of the other major clusters.

Cluster membership depends on the relative contribution of each
of the 621 tasks in the inventory, so each cluster may be viewed
as a group of points in 621-dimensional space. However, the
resuit of the cluster analysis, and in particular the way in
which four major clusters emerged, suggests that four broad
factors operate, these being:

. the contribution of general tasks and general engineering
tasks (including communication, administration and
supervision) ;

. the contribution of drafting and design tasks:;
. the contribution of civil engineering and surveying tasks;

. the contribution of electrical and electronic engineering
tasks.

|
\
|
|
|
i
This means that if either of the first two factors are dominant |
for a particular cluster, one of the twc major 'non-specialised’ ‘
major clusters would contain that cluster. For example, if a |
traditional civil engineering occupational cluster is primarily
engaged in drawing, it would appedr undzr the major cluster
'drafting and design'.

It is postuluted that a factor analysis of the 621 task
contribution ratings over the whole sample would distinguish
four such factors. The project resources did not allow the
undertaking of such analysis. This issue could be the subject
of further resear....

For convenience the above four factors may be condensed to the
three factors of:




general tasks,
. drafting and design tasks,
. specialised engineering tasks.

The four major clusters may then be represented in three-
dimensional space, as illustrated (in simplified form) in Figure
6.6.

This Figure illustrates the point that two clusters may be
somwhat ‘'close' in Jjob functions, while still falling within
separate major clusters. An example of this would be clusters
at points A and B in Figure 6.6.

GENERAL TASKS

cluster 74

cluster 34

cluster 82

cluster 68

' low

enginering systems & administration
civil engincering & surveying
drafting & design

electrical & electronic engineerang

NOTE: . major cluster 74
. major cluster 82
. major cluster 68
. major cluster 34

Hononou

Figure 6.6 The four major clusters in a 3-dimensional space
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6.2 BACKGROUND INFORMATION ON THE WHOLE SAMPLE

The purpose of the main survey was to obtain information on the
occupational clusters within the eng.ineering technical workforce
and in particular, information on the job junctions of each
cluster. Nevertheless it will be useful to examine the sample
of respondents as a whole, in order to allow some comparisons
with past and future studies and to provide some indication of
the general characteristics of the engineering technical
workforce in Australia.

Some caution should be exercised in applying the whole sample
information to the engineering technical workforce population.
As discussed in Chapter 4, the sampling procedure aimed to
obtain a 1large and comprehensive sample, and the net sample of
1230 respondents may not give an accurate indication of
population characteristics. Nevertheless the sample provided
some useiul information on the broad characteristics of the
engineering technical workforce.

The whole sample consisted of 1230 respondents. As reported in
Chapter 4, 1821 survey booklets were sent out and 1380 booklets
were returned. Of the returns, 1230 were usable and 150 were
not usable for wvarious reasons (e.g. 58 answered "no" to
question 1, and 55 were returned after the deadline).

Part A of the survey booklet sought background information on
the respondent and his/her workplace, and consisted of 13
questions. A copy cf the survey booklet is given in Appendix
F. The first nine questions were concerned with the respondent
and his/her job.

Question 1 asked the respondent: 'Are you presently emploved in
any endineering occupation with functions somewhere between
tradesperson and professional engineer or surveyor?! This
question acted as a final filter to help insure that only
engineering technical workers were included in the sample. A
total of 58 respondents answered 'no' to this question and these
were excluded from further analysis.

Question 2 asked the respondent to indicate his/her age. The
age of respondents ranged from 16 to 63 years, the average being
33 years. Figure 6.7 shows the age distribution of the whole
sample. The sample average age of 33 years is a little lower
than the 36 year average of the sample of engineering technical
workers in the Kinhill Stearns study (see Section 3.4).




In dquestion 3 respondents were asked to indicate their sex. The
responses showed that the proportion of females in the sample
was very low, there being 32 females representing 2.6% of the
sample. This proportion is similar to thac fomsd in other
stuiies, such as the Kinhill Stearns study reported in Section
3.4.

In question 4 respondents were asked to indicate the job title
closest to their own job title by selecting from a 1list of 12
job titles. The 12 titles did not include names of engineering
fields or branches. For example, it was expected that a person
with the title of 'electronic tachnician' would choose the title
'technician' from the list of 12 titles.

Percentage
of sample
21% 21%
20 —
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4%
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Figure 6.7 Age distribution of the sample

Table C-1 in Appendix C gives the frequency cross-tabulation of
job titles by fields of engineering. The Jjob title of
'technical officer' was the most common overall, applying to 334
respondents or 27% of the sample. The table indicates
significant variation in the distribution of job titles among
the various fieids of engineering. A marked feature is the high
use (25% of those in electronic enginevring) cof the term
'technician' in electronic engineering.




Question 5 sought information on the respondent's salary at the
time the survey was conducted (April 1985). The salary
distribution of the sample is given in Figure 6.8. From this
distribution the average salary of the sample was estimated at

$23,000.
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30
27%
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22 22 4 8853 55

SALARY ($ PER YEAR)

Figure 6.8 Salary distribution of the sample,
as at April 1985

Questions 6 and 7 sought information on the length of time the
respondent had been in his/her present position and the length
of time employed in engineering occupations. Over the whrole
sample the average length of time in the 'present position' was
found to be 5.5 years and the average length of time in
engineering occupations was found to be 14.5 years. The
distributions of both of these variables are given in Figures
6.5 and 6.10.

Question 8 asked respondents to nominate the field of
engineering in which they were mainly engaged. Table B-1 in
Appendix B gives the overall distribution of nominated fields
and the frequency cross-tabulation of job titles by nominated
fields of engineering. This table indicates that civil
engineering was nominated most frequently as the main field of
respondents, being nominated by 22% of the sample. The next
most frequently nominated was mechanical engineering (17%),
followed by electronic engineering (15%) and electrical
engineering (13%).
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The very 1low representation of work study/methods engineering
was unexpected. Only 2 of the 1230 respondents nominated this
field as their main field of engineering activity. However, 153
of the 1230 respondents performed one or more work study tasks
(duty 'AS! in the questionnaire), with 114 respondents
determining workplace 1layout and 80 respondents performing work
measurement. It is suspected that many of the 153 respondents
who performed one or more work study tasks nominated production
engineering or mechanical engineering as their main field.

Question 9 sought information on the respondents! engineeriig
educational attainments. Respendents could indicate more than
one educational attainment and the last year of study for each.

A large number of respondents indicated more than one
engineering educational attainment. Of the 1230 respondents, 55
gave ro response, 500 indicated one educational attainment, 354
indicated two educational attainments, and 160 indicated three
0i" more educationsl attainments.

The responses to gquestion 9 on engineering educational
attainments were analysed in three ways based on:

. the distribution of 211 engineering educational attainments:;

. the distribution of most recent enginecering educational
attainments;

. the distribution o©of highest engineering educational
attainments.

Table B-2 in Appendix B gives the distribution of all
engineering educational attainments of the whole sample.
Completion of a certificate course at a technical college was
the most common attainment, with 469 respondents indicating this
attainment. The second most common attainment was completion of
a trade technical or technician course at a technical college,
with 322 respondents indicating this attainment.

Table B-3 in Appendix B gives the distribution of the most
recent engineering educational attainments of the whole sample.
The most common attainment by far is completion of a certificate
course at a technical college (340 respondents). When this
distribution is compared with that given in Table B-2, the most
notable change is in the number completing a trade technical or
technician course. It 1is clear that a 1large number of




respondents had completed a trade course and subsequently
tndertaken further studies, as 322 respondents had completed a
trade course (Table B-2) but of these, only 71 (Table B-3) had
this as their most rece.it attainment.

In this study the most pertinent educational variable is that of
highest engineering educaticr2l attainment. Each respondent's
indicated attainments were recorded on a predetermined
hierarchical scale of level of education, as given in Table B-4
in Appendix B. When more than one attainment was indicated,
only the ‘'highest' on the scale was recorded. If is important
to note that for the purpose of this study, engineering
certificate and associate diploma courses were regarded as
equivalent in 1level and thus their frequencies combined. The
resulting frequencies of highest engineering engineering
educatioral =~ttainments are given in Table 6.1.

Easily the mos” common highest attainment was a completed
certificate or associate diploma course, which was indicated by
44% of the sample. Table 6.1 also confirms, when compared with
Table B-2, a significant number of respondents upgrading their
educ~tional qualifications. In particular, 4 large number of
respondents (288) had completed a trade course but had started
or completed a higher course.

It was also of interest in this study to note the percentage of
respondents who had completed a certificate course or higher, as
this 1is the qualification that is generally regarded as standard
for the engineering associate 1level of the workforce (see
Section 3.3). For each cluster and the whole sample, this
percentage was computed by adding the percentages of each
category at or higher than ‘completed certificate' in the
hierarchy in Table B-4. In some cases this could lead to a
difficulty, as some respondents may only have partly completed a
degree or diploma, which is arguably not as high as a completed
certificate or higher. In practice however this was not a large
problenm, because only a small percentage (2%) had ro
qualifications above completed certificate other than a part
degree or diploma.

It was found that for the whole sample, 65.6% had a certificate
or higher attainments (which may be termed associate level
qualifications) and 34.5% had part certificate or lower
attainments (which may be termed technician 1level
qualifications).
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TABLE 6.1 FREQUENCY CROSS-TABULATION OF HIGHEST ENGINEERING
EDUCATIONAL ATTAINMENT BY TYPE OF COURSE AND TYPE

OF ATTAINMENT
TYPE OF ATTAINMENT

CURRENTLY COMMENCED

IN BUT NOT
TYFE OF COURSF PROGRESS CONTINUED COMPLETED TOTAL
Other course 1 1 34 36
(0%) (c%) (3%) (3%)
Trade technical or technician 6 7 56 65
(1% (1%) (5%) (6%)
Post-trade course 7 11 36 54
(1%) (1%) (3%) (5%)
Certificate or associate diploma course 179 67 517 763
(15%) (6%) (44%) (65%)
Degree or diploma course 39 90 57 186
(3%) (8%) (5%) (1€%)
TOTAL: 238 189 748 1175
(20%) (16%) (64%) (100%)

NOTES 1. A1l percentages 1indicate the percentage of the total number of
non-blank responses.
2. Of the sample of 1230 respondents there were 55 blank and 1175
non-blank responses to question 9 on engineering educational
attainments.

™~
over 1 000 employees
39%
110 employees—____
9%
24% 28%
11-100 employees 101-1 000 employees
NOTE: For the sample, there were 9 blank and 1221 non-blank responses to

Question 10.

Figure 6.11 Distribution of the sample of engineering
technical wor'ers by size of organisation
(n = 1221)




Question 10 asked respondents to indicate the size of their
current organisation in terms of the number of employees. The
distribution of size of organisation for the whole sample is
given in Figure 6.11. This distribution confirms the Zindings
of other studies suggesting that the major employment category
for the engineering technical workforce is the madium to large
organisations (see Section 3.4). In this study, 68% of the
sample were employed in firms having over 100 employees.

Question 11 asked respondents to indicate in which sector (i.e.
private, semi-government or public sector) threy were employed.
The distribution of the sample among the three sectors is given
in Figure 6.12. The distribution indicates that the public
sector (federal, State and local governn=nt) and the
semi-government sector (e.g. public utility organisations) are
the major employers of engineering technical workers, accounting
for 69% of this sample. This study suggests that the private
sector employs a relatively 1low percentage of engineering
technical workers, represented by 31% of the sample, and this
result is similar to that obtained in a previous study in
Western Australia (see Cochrane, 1977, and Section 3.4).

Nuestion 12 sought infcrmation on the 1location of the
respondent's current place of work. The distribution of the
sample among the eight States and Territories and the four types
of area (ranging from capital city to country) are given in
Figure 6.13.

\/ private sector
31% \

42%
public sector .
28% semi-government
sector
NOTE: For the sample, there were 18 blank and 1212 non-blank responses to

Question 11.

Figure 6.12 Distribution of the sample of engineering
technical workers by sector (n = 1221)
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Figure 6.13 Distribution of the sample of engineering
technical workers among the States and
Territories and type of area

The distribution of the sample among the States and Territories
differs a little from the estimate of the technical workforce
population distribution given in Table A-1 (Appendix A). The
sample percentages of the large sStates, New South Wales and
Victoria, are iower than the population percentages, reflecting
a lower response rate in these two States. Percentages for
Queensland, South Australia and Tasmania are higher than the
population purcentages of Table A-l, reflecting a hidher
response rate in these States. Western Australia, the Northern
Territory and the Australian capital Territory are about the
same as the population estimates, the differences being not
statistically significant.

The distribution of the sample among the four types of area
reflects general population characteristics. As expected, the
capital cities of Australia provide the main employment
locations for the engineering technical workforce, with 74% of
the sample indirnating a capital city location.

Question 13 was the final gquestion in Section A of the
questionnaire, and this sought information on the main type of
activity of the respondent's employing organisation. The
industry categories rsed in the questionnaire correspond with
those used in the Australian cCensus.

Table B-5 in Appendix B gives the distribution of the sample
crosstabulated by industry activity and the respondent's field
of engineering. Over the whole sample, the two industry
categories nominated the most were 'D. Electricity gas and
water!' and ' E. cConstruction', but the distribution varies




considerably among the various fields of engineering. It is
interesting to note the difference in the distributions of those
in electronic engineering compared with those in electrical
engineering. The electronic engineering respondents are
concentrated in 'communication' and ‘defence' (30% and 20% of
electronic engineerirg respondents respectively) while the
electrical engineering respondents and concentrated in

'electricity, gas and water' (41% of electrical engineering
respondents) .

6.3 JOB FUNCTIONS OF THE WHOLE SAMPLE

In this section an overview of the range of job functions and
their relative contribution for the whole sample is presented.

The sample of 1230 respondents represents a very broad
occupational group-the engineering technical workforce. For
curriculum development purposes, narrower occupational groups
are of more interest, though some general characteristics of the
engineering technical workforce may provide important insights.
Later Jections of this chapter deal with job functions in much

greater detail, when the narrower occupational groups are
discussed.

Section B of the survey booklet consisted of an inventory of 621
tasks. These tasks were chosen to represent the full range of
tasks undertaken by the engineering technical workforce, but
respondents were invited to write in additional tasks not
included in the inventory. As explained in Chapter 4,
respondents were asked to rate the contribution of each task to
thair job.

The 621 tasks were grouped into 61 duties. These 61 duties were
further grouped into four broad job function areas as follows:

. general (18 duties, 167 tasks);

. mechanical/manufacturing (15 duties, 149 tasks);

. electrical/electronic (15 duties, 199 tasks);

. civil engineering/surveying (13 duties, 106 tasks).

This grouping into four areas was not shown on the survey
booklet. Classification of the duties into the four areas was
undertaken a priori to assist in the analysis and interpretation
of job functions.

The four areas and 61 duties are listed in Table 6.2, and the
621 tasks are listed in Appendix C.




Figure 6.14 shows the relative contribution ¢f each of the four
job function areas to the work of the engineering technical
we skforce sample. The distribution confirms the relatively high
contribution of general 3job functions (such as communicat lon,
drawing, administration and supervision) over more specialised
engineering job functions.

|
|
\
|
|
|
|
Theres are two main reasons for the high contribution of general ‘
job functions. Firstly, this area is significant in all of the {
major clusters (see Section 6.5). Secondly, many duties in this

area are common across a large number of clusters (see Section

702)
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Figure 6.14 Relative contribution of each of the four broad
job Jjunction areas to the work of the whole
sample

Table 6.2 gives the dJduty profile of the whole sample, showing

the percentage of the sample performing each duty and the
relative contribution of each of the 61 duties. In calculating
the percentage of the sample performinyg each duty, a respondent
was counted as performing the duty if the respondent indicated
that he/she performed one or more tasks within that duty. The




TABLE 6.2 DUTY PROFILE OF THE

WHOLE SAMPLE (n = 1230)

TOTAL PERCENTAGE CONTRIBUTION

PERCENT CONTRIBUTION

PERCENTAGE OF TO JOB

AREA buTY SAMPLE PERFORMING DUTY | OVER WHOLE SAMPLE
A. Project planning and maragement 53 2.6
B. General administration 83 7.6
C. _Written communication 93 9,4
D. Oral communication 96 9.2
E. Finance and estimating _ _ . 57 2.9
F. purchasing 57 2.4
G. Staff de.elopment 53 2.4
5 H. Staff supervision 73 3.3
i | J. Quality assurance/quality control ] 25 1.1
g K. Quality testing and measuring 37 2.2
© ! M. Ma'ntenance 44 3.5
N. Safety 35 1.0
P. Si1te 1nspection and 1nvestigation 50 2.4
Q. Data collection and analysig 46 2.1
R. Use of calculators and computers 92 6.1
W. Engineering drawing and graphics 72 4.5
X. Design drafting 18 2.7
BN. Sti1ll and movie photography 36 .5
L. Materials testing 17 .6
© | AE. Earth moving and mining 8 .2
= | AF. Motorised transport systems 9 -4
S [ AG. Process plant engirsering 11 -4
© | AH. Metal fabrication, turning and casting 15 .8
& [ag. Wood, paper, plastics and packaging 5 .1
2 [ AK. Building services 21 .7
S [ AL. Advisory and specialist services 28 -9
3 LAM. Construction 21 1.0
5 AN. Biotechnology and ergonomics 4 .1
S | AP. Tooling and eguipment 20 1.2
< | AQ. Materials handling 10 .2
U | AR. Production engineer ing 7 .2
£ | AS. Work study 12 .3
AT. Fluid power 1T .4
S. Computer and digital control egquip. 18 .7
T. Computing systems 15 -4
v U. Digital and computing hardware 20 2.1
% V. Computing software 8 .3
E'-E AA. Electronic fabrication 18 .8
Q AB. Power generation, energy transfer 20 -9
A } AC. Electrical power generation, transmiss 16 1.3
2 "AD. Automatic control system 13 1.2
< L AU. Electrical instruments and sensors 26 1.3
Y I AV. Power electronic devices 19 .8
ﬁ AW. Electrical protection devices 20 1.1
B AX. Power transformers, circuilt breakers 12 .6
d AY. Electrical drives 13 .5
AZ. Electronic communication 13 | .8
BA. Other electronic devices 13 .8
Y. Engineering survey drafting 33 2.2
2. Cadastral survey drafting 10 .4
o BB. Engineering surveying 13 2.6
z BC. Cadastral surveying 12 .3
gtzﬂ BD. Hydrographic surveying and drawlng 6 .1
g;« BE, Survey computations 33 2.1
L. BF. Civil design and computations 28 1.5
55 BG. Structural design and computations 18 -5
% | BH. Hydrology and hydraulics 18 .8
ﬂ BJ. Town planning 7 .2
2 BK. Cartography 15 3
© BL. A1z photo and map interpretation 20 1.v
BM. Survey 1nvestigation and searching 14 .5
0

100.
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percentage contribution of each duty was calculated by summing
the average percentage contributions of each task within the
duty. The average percentage contributions of all tasks over
the whole sample are given in Appendix C.

The top five duties, in terms of the percentage contributon of
each, duty were:

. written communication (9.4%):

. oral communication (9.2%):

. general administration (7.6%):

. the use cf calculators and computers (6.1%):
. engineering drawing and graphics (4.5%).

For the whole sample the top duty was written communication
and it was performed by 1139 respondents (93%). For those who
performed this duty, the average percentage contribution of the
duty to their job was 10.1%. Over the whole sample, the average
percentage contribution of this duty was 9.4%.

For the whole sample, the bottom duty :n terms of overall
contribution was biotechnology and ergonomics, and it was
performed by 44 respondents (4%). For those who performed this
duty, the average percentage contribation of the duty to their
job was 2.6%. Over the whole sample, the averagz perc=ntage
contribution of this duty was 0.09%.

Appendix C gives the task 1level job description of the whole
sample. An explanation of the meaning of values in each colunm

is given in Section 3.5. The two values of most interest here
are:

. column 1, giving the percentage of the sample that perform
each task:

. column 3, giving the percentage contribution to job over
the whole sample (over the whole task inventory,

column 3 sums to 100%).

Appendix C contains the following results worthy of particular
note:

. The average number of tasks performed by resjondents in the
sample was 79 tasks from the inventory of 621 tasks.

. The task making the highest percentage contribution over
the whole sample was ‘D3. Exchange information with other

]
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people within your organisation.' (89% of respondents
indicated that they perform this task, and its contribution
over the whole sample was 2.1%);

. Only two of the 621 tasks were not performed by any of he
respondents, and this provides support for *the face
validity of the task inventory.

. 20% of respd>ndents wrote in one or more additional tasks
when given the opportunity at the end of the task
inventory. Oover the sample of 1230 respondents, 982 (80%)
wrote in 1o extra tasks, 109 (9%) wrote in one extra task,
60 {(5%) wrote in two extra tasks, 36 (3%) wrote in three
extra tasks, and 43 (3%) wrote in four or more extra
tasks. For those who wrote in one or more extra tasks, the
average contribution to their job of these tasks was 6.2%.
For 13 respondents, the contribution of these write-in
tasks was over 20%. It is interesting to note that of
these 13, all except two were members ot outlying clusters,
that is, clusters outside the four major clusters. However
the contribution of the write-in tasks over the whole
sampie was low, being 1.2% in total. These statistics tend
to provide support for the validity of the task inventory
developed for this survey, indicating that the task
inventory quite adequately <covered the work of the
engineering technical workforce.

6.4 BACKGROUND INFORMATION ON THE MAJOR CLUSTERS

Information on the important background variables for each of
the four major clusters 1is given in Table 6.3. On all of the
background variables shown in this table, variation among the
najor clusters is statistically significant (at the .05 level of
significance or better). Some of the interesting results are:

. Engineering systems and administration is composed of
members having the highest average age (37 years) and
highest average salary ($25,100 in 1985).

. Drafting and design has the highest percentage of females
(4.9%) whereas electrical and electronic engineering has
the lowest percentage of females (0.5%) .

. Civil engineering and surveying has the highest overall
level of education (81% having completed an engineering
certificate or higher) while electrical and electronic

98
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BACKGROUND INFORMATION AND JOB FUNCTIONS OF THE

FOUR MAJOR CLUSTERS

CLUSTER NO. 74 82 68 34

TITLE OF CLUSTER Eng:reering Cival engineerang Draftang Electrical and
systemns ang ang and electronic
administration SCrveying design engineering

Number of responderntd 43¢ 318 123 188

Averace age {years) 37 33 29 30

Female percentage 1.6% 4.2¢% 4.9% 0.5%

Average salary $25,100 $22,700 $20,000 $22,300

($ , 1985%)

Job tatle technical off. 34% jdesign draftsm. 24% |design draftsm. 43% | technical off. 413

{mcdes over 10%) supervisoy 18% |technical off. 21t |detail draftsm. 23% | technician 23%

other 14% leng. assais. 18% |technical off. 10¢ {tradesm. 10%

design draftsm. 10%

Field of engineering §mechanical 27% jcaval eng. 62% !mechanical 40% ielectronic 648
{modes over 10%) electr:ical 22% |surveying 20% | structural 21% |electracal 17%
other 12% electrical 11%
civil eng. 10¢
Educaet:ion * 681 81% 70% 50%

Private sector

percentage 29% 20% 56% 32%
State NSW 29% |NSW 27% JVIC 34% |NSW 24%
({modes over 10%) SA 198 QLD 26% INSW 29% |VIC 23%
vIC 18% |VIC 212 |SA 14% |sA 19%
QLD 16% QLD 13% jQLD 13%
ACT 11%
Industry categoraies elect,gas,water 16% |construction 31% [manufact. 23% |elect,gas,water 23¢
(modes over 10%) construction 18% |publ. admin. 11% Jelect,gas,water 18¢ |wholesale, retail 11%
non-class. 13t |gen.consult. 16% |construction 11% {commurication 16%
non-class. 21% |gen.consult. 16¢ |defence 16%
non-~class. 13%

kverage nurber 94 94 41 90

of tasks

Level :i1ndex * 65 €4 57 60

Admanistration duty
~ % contrabution ic.3 6.7 8.2 4.4

Supervasion duty

& tasks =~ % contrab. 11.7 8.1 5.8 5.4

Top ten dut:wes written commun. written comsun. eng. drawing & graphicdigital & comput.h/wre
ora. commun. eng. surveying written cormun. maintenance
general adm:n. calc. & computers oral ccmmun. oral commun.
finance & estamuting |survey computations design draftang written commun.
calc. & computers oral commun. general adman. calc. & computers
pro). planrang,mangt. jgeneral adman. calec. & computers quality testing & meas.
staff supervision eng,.survey draftang staff supervicion general admarn.
purctasang eng.drawing,graphics leng.survey draftang elec.instr. & sensors
staff development site inspect./invest. [struct.design,comput. [power electronic devices

eng.drawing,graphics jcival design,comput. |metal fab.turn.,cast. jother electronic devices

?
* NOTE. 1, Education indic-ces the percentage of members of the cluster who have completed a certificate course
1n engineerainy or higher.

2. Level index indicates the average level of tasks peformed by members of the cluster. The minamum O
i1ndicates all casks are performed by lower middle level technical workers or tradespeople. The
maximum of 100 indicates that all tasks are performed by upper middle level technical workers or
professional engineers. The actuai range for all clusters 18 47 to 72.
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engineering has the 1lowest overall 1level of education (50%
having completed an engineering certificate or higher). The
full distribution of highest educational qualificatiors for each
of the four major clusters is given in Table C-6 in Appendix C.

6.5 JOB FUNCTIONS OF THE MAJOR CLUSTERS

There are large differences in the job junctions of the four
major clusters, and this is apparent even at the broad area
level. Figure 6.15 shows the relative contribution of each of
the four main areas to the work of each of the major clusters.

The most notable feature is the high contribution of duties in
the general area for all four major clusters. The general area
contributes 50% or more for each major cluster. For the
drafting and design cluster, it is useful to separate the two
drafting and design duties (duty W. and duty X.) from the
general area because in this case they are more appropriately
described as specialist duties. Together, these twc duties
contribute 28% to the work of the drafting and design cluster,
leaving a contribution of 50% in the general area. Thus, a
useful approximation is that dQuties in the general area (such as
communication, a”-inistration and supervision) contribute to
about half of t. 2 work of the major clusters except engineering
systems and administration, which has a contribution of over
three-quarters (77%) in the general area. The remaining
proportions are filled by specialised engineering duties.

Figure 6.16 gives the 3job descriptions at duty level of each
major cluster, and Table 6.3 gives the top ten duties for each
major cluster.

As expected, duties in the general area usually provide moderate
or higher contributions to the work of at least two (but usually
three or four) of the four major clusters. In addition, four
duties appear in the top ten of all major clusters, as follows:

. B. general administration

. C written communication

. D. oral communication

. R, use of calculators and computers.

The subject of common duties is discussed further in Section
7.1.
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it duties in the general area

NN duties in the mechanical/ manufacturing area
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1

=% duties in the electrical/electronic area

Sl duties in the civil engineering/surveying area

Figure 6.15 Job descriptions at area level for the four major
clusters

El{llC 101 1.5

Aruitoxt provided by Eic:




PERCENT CONTRIBUTION TO JOB

MAJOR CLUSTER

AREA DUTY 74* g2+ 68* 34*

A. Project planning and management
B. General administration

C. Written communication

D. Oral communication

E. Finance and estimating

F. Purchasing

G. Staff development

H, Staff supervision

J. Quality assurance/quality control
K. Quality testing and measuring

M. Maintenance

N. Safety

P. Site inspection and investigation
Q. Data collection and analysis

R, Use of calculators and computers
W. Engineering drawing and graphics
X. Design drafting

BN. Still and movie photography

L. Materials testing
AE. Earth moving and mining
AF. Motorised transport systems
AG. Process plant engineering

AH. Metal fabrication, turning and casting
AJ. Wood, paper, plastics and packaging
AK. Building services

AL, Advisory and specialist gervices
AM. Construction
AN. Biotechnology and ergonomics

AP. Tooling and equipment

AQ. Materials handling
AR. Production engineering
AS. Work study
AT. Fluid power

S. Computer and digital control equip.
T. Computing systems

U. Digital and computing hardware

V. Computing software
AAR. Electronic fabrication

AB. Power generation, energy transfer
AC. Electrical power generation, transmis. ;]
AD. Automatic control system

AU. Electrical instruments and sensors
AV. Power electronic devices

AW. Electrical protection devices
| AX. Power transformers, circuit breakers
AY. Electrical drivers
AZ. Electronic communication
BA. Other electronic devices

Y. Engineering survey drafting
2. Cadastral survey drafting
BB. Engineering surveying lﬁ
BC. Cadastral surveying
BD. Hydrographic surveying and drawing
BE. Survey computations
BF, Civil design and computations
BG. Structural design and computations
BH. Hydrology and hydraulics
BJ. Town planning
BK., Cartography
BL. Air photo and map interpretation f
BM. Survey investiqation and searching

GENERAL

3

—
+

|

MECHANICAL/MANUFACTURING

T T
i

ELECTRICAL/ELECTRONIC

CIVIL ENGINEERING/
SURVEYING

*NOTE: Cluster 74 Engineering systems and administration

Cluster 82 = Civil engineering and surveying
Cluster 68 = Drafting and design
Cluster 34 = Electrical and electronic engineering

Figure 6.16 Job descriptions at duty level for the four major
Q clusters _ .
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Appendix D gives the job descriptions at duty level of each
major cluster. To save space, only the first two pages, giving
the top 60 tasks in terms of percentage contribution to job, are
given for each cluster. The headings for columns 1, 2 and 3
give the cluster number. Section 3.5 in Chapter 5 provides an
explanation of the values in each column.

For the major cluster engineering systems and administration,
the top task in terms of overall percentage contribution to job
was:

'D3. Exchange information with othner people within your
organisation.

It was performed by 98% of the cluster and contributed 1.9% to
the work of the cluster overall.

Scanning the first words (all of which are verbs) of each task
in the top 60 provides an cverview of the type of work involved.
The following verbs occur repeatedly:

. eXchange;
. read;

. Wwrite;

. Dbrepare;

. Ssupervise.

For the major cluster civil engineering and surveying, the top
task was:

'Rl. Use calculators.'

It was performed by 97% of the cluster and contributed 1.9% to
the vork of the cluster overall.

For this cluster the following verbs appear repeatedly in the
top 60 tasks:

. calculate
. perform

. produce

. Pprepare

. inspect.

For the major cluster drafting and design, the top task was:

W4. Produce drawings using conventional equipment.




It was performed by 93% of the cluster and contributed 4.8% to
the work of the cluster overall.

For this cluster the following verbs appear repeatedly in the
top 60 tasks:

. prepare
. produce
. draw

. design.

For the major cluster electrical and electronic engineering, the
top task was:

D3. Exchange information with other people within your
organisation.

It was performed by 92% of the cluster and contributed 1.7% to
the work of the cluster overall.

For this cluster the following verbs appear repeatedly in the
top 60 tasks:

. monitor

. test

. repair

. diagnose

. fault-find.

6.6 CLUSTERS WITHIN ENGINEERING SYSTEMS AND ADMINISTRATION

There were 44 primary and 21 intermediate clusters found within
engineering systems and administration. Figure 6.2 shows the
titles of these clusters and the linkages between the primary
and intermediate clusters.

As mentioned in Section 6.1, it appears that the engineering
systems and administration clusters were grouped in this one
major cluster because of their emphasis on general tasks and
duties such as written and oral communication, administration,
and supervision. Specialised engineering tasks and duties such
as civil engineering and electronic engineering were still
performed, but they tended to provide relatively 1low
contributions to the work of each cluster in this major group.
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Space does not permit an examination of all the background
variables for the intermediate and primary clusters, so only the
following key background variables are examined:

. average age;

. percentage of females;

. average salary ($, 1985);

. number of States or Territories represented in the cluster;

. percentage of cluster having completed an engineering
certificate qualification or higher.

The values of these variables for each intermediate and primary
cluster within engineering systems and administration are given
in Table 6.4. This table also includes job task information in
the 1last five columns. The average figures shown in this table
and subsequent tchles provide only an approximate indication of
population characteristics, due to sampling error. Caution
should be exercised in interpretation, particularly with primary
cluster values, as most primary clusters comprise very small
numbers of respondents.

The 1location of each cluster in Table 6.4 may be related to the
cluster diagram in Figure 6.2 as follows:

Start at the top left of the cluster diagram
(cluster 230) and then move horizontally to the
right. Then move down one row and then move
again to the right, as though reading a book.

Thus in Table 6.4 and subsequent tables intermediate clusters
appear first, followed by the primary clusters.

The cluster titles were selected after examining the top 60
tasks in the Jjob description ‘given in Appendix E) and the key
background variables. The titles selected are descriptive and
have no industrial or 1legal status. They are meant to be
descriptive of the types of tasks undertaken. Some generai
terms and their use in these titles are:

. supervisors - indicates that supervision tasks contribute
a large part;

. senior - indicates that supervision tasks contribute
a moderate part;

. officers -~ indicates primarily engineering associate
level;

. technicians - indicates primarily engineering technician
level.
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TABLE 6.4 SOME BACKGROUND INFORMATION ON CLUSTERS
ENGINEERING SYSTEMS AND ADMINISTRATION

CLUSTER

NUMBER

CLUSTER

NUMBER OF RESPONDENTS
AVERAGE AGE

PERCENT FEMALE

AVERAGE SALARY
EDUCATION* - % certific
TASK LEVEL INDEX*
AVERAGE NO. OF TASKS
AREA OF SPECIALISATION*
JOB PROFILE PAGE NO.

[
o

o | NUMBER OF STATES*
» | CLUSTER LEVEL*

[ %]
w
(=]

ENGINEERING OFFICE ADMINISTRATION
AND DRAFTING

212 ENCINEERING SUPERVISION

173 PRODUCTION CONTROL

137 ELECTRICAL PLANNING & DESIGNING
269 ESTIMATION & QUALITY CONTROL

255 ENGINEERING DESIGN DRAFTING

419 SENIOR ENGINEERING SUPERVISION
146 MATERIALS TESTING

185 CONTROL SYSTEMS

87 OTBER ENGINEERING ADMINISTRATORS
414 ESTIMATORS

311 QUALITY CONTROLLERS

393 DESIGN DRAFTERS

453 ENG. SAFETY & MAINT. SUPERVISORS
422 MICROELECTRONIC ENGINEERING
SUPERVISORS

347 OTHER ENGINEERING SUPERVISORS
172 INSPECTORS

254 ELECTRICAL SUPPLY CONTROLLERS
571 ENGINEERING ESTIMATORS

502 MECHANICAL & OTHER DESIGN
DRAFTERS

516 OTHER DESIGN DRAFTERS

435 Electrical Designers

565 Electrical Contracts Supervisors
309 Electrical Equipment Drafters
240 Planners of new electricity
supply

521 Builéing Services Estimators

574 Construction Contract Estimators
671 Electrical Engineering Estimators
640 Civ:l Engineering Estimators

449 Construction Site Supervisors
444 Quality Control Specialists

457 Quality & Equipment Monitors

305 Building Services Designers

448 Construction Design Drafters

664 Mechanical Design Drafters

616 Design Drafters
{non-computerised)

657 Design Drafters (computerised)
299 Senior Hydrology Technical
Cfficers

469 Civil/Structural r.g. Supervisors
713 Transport & Civil Engineering
Supervisors

769 General Engineering Supervisors
652 Engineering Survey/Mapping
Supervisors

609 Electronic Engineering
Supervisors

596 Quality Supervisors

792 Microelectronic Technician
Supervisors

840 Computer Technician Supervisors
357 Trade Supervisors

461 Senior Safety Officers

402 Survey Engineering Supervisors
277 Senior Production & Engineering
Quality Controllers

632 Materials Test Tech./Officers
703 Materials Test Officers

349 General Test Tech./Officers

182 Site Inspectors/Testers

232 Inspectors/Recorders

135 Cartographic Survey Supervisors*
526 Senior Electric Supply Controllers
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548 Electric Supply Controllers 10 29 0.0| 24,100 3 N| 90} 63} 255) A | ME|226

576 Electromechanical Engineering

Officers 10| 35 0.0f 25,600| 4 Q] 67| 66| 222 | A | ME{227

493 Mechanical Engineering Officers 91 36 0.0} 24,500 4 v] 56] 65§ 131 | A| M {228

234 Electromechanical Control

System Designers 91 32 0.0] 26,500f 4 NJ100| 66| 127} A | ME|229

267 Equipment Evaluation Officers 10} 36 0.0} 24,100 3 N| 70] 62 34| Al G ]230

259 Production Engineering Officers 7] 31{ 14.3} 22,200| 3 N| 67] 61 581 A| ME|231

190 Work Study Officers* 51 38 0.01 24,700{ 2 N| 60] 64 49| Al M {232

238 Aeronautical Engineering

Technicians 8| 42 0.0} 28,000} 3 N| 50| 64 31 T| M [233
*NOTES

1. Cluster tjtles in capital letters indicate intermediate clusters, whereas cluster titles
in lower-case letters indicate primary clusters. Cluster titles with an asterisk
indicate the primary clusters that are regarded as marginal, having within group overlap
indices of between 40% and 45%, or between groups overlap indices of between 25% and
30%.

2. States - Indicates the number of States or Territories represented in the cluster. Also
indicated it the State or Territory representing over 40% of the members of intermediate
clusters and over 50% of the members of primary clusters, where N = NSW, V = VIC,
Q=0Q1d, S =SA, W= WA, T= TAS, A= ACT.

3. Education indicates the percentage of members of the cluster who have conpleted a
certificate course in engineering or higher qualification.

4. Task level index 1indicates the average 1level of tasks performed by members of the
cluster. The minimum 0 indicates all tasks are performed by technician level workers or
tradespersons. The maximum of 100 indicates that all tasks are performed by associate
level workers or professional engineers. The actual range for all clusters is 47 to 72.

5. Level indicates the 1likely average 1level of the cluster, based on the variables of
highest education, task 1level index, and number of tasks performed. A = associate
level, T = technician level, B = blurred (probable mixture of toth levels).

6. Area of specialisation indicates the main area(s) of specialisation of the cluster,
where m = over 6% contribution from mechanical/manufacturing area, E = over 6%
contribution from electrical/electronic area, C = over 6% contribution from civil
engineering/surveying area, and G = general area, with less than 6% contribution in each
of the other three areas.

7. Page number of job description indicates the page number in Appendix E of the task level

ERIC

Aruitoxt provided by Eic:

job description (top 60 tasks only) of each cluster.

Average figures provide only an approximate indication of population characteristics,
due to sampling error. Caution should be exercised in interpretation, particularly with
primary cluster values, as most primary clusters comprise very small numbers of
respondents.
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PERCENT CONTRIBUTION TO JOB
CLUSTER?™®*

35

AREA DUTY

230
212
173
137
269
255

[} (V=)
il bl
ol ]

185

~lwf~
-2 X}
L )

393
453
422
347
172
254
571
502
1

A. Project planning and management Y %
B. General administration
C. Wratten communication
D. Oral communication
E. Finance and estimating
F. Purchasing 7 4
G. Staff development
H. Staff supervision
Quality assurance/quality control
K. Quality testing and measuring 7/
M. Maintenance

N. Safety

P. Site i1nspection and 1nvestigation
Q. Data collection and analysis

R. Use of calculators and computers %
W. Engineering drawing aad graphaics 7
X. Design drafting %
BN. Still and movie photography
L. Materials testing

NN

GENERAL
[

g AE. Earth moving and mining
= LAF. Motorised transport systems
2 AG. Process plant engineering
U | AH. Metal fabrication, turning and casting
< -
u. | AJ. Wood, paper, plastics and packaging
Z | AK. Bulilding services
£ [ AL. Advisory and specialist services
i > | AM. Construction
< | AN. Biotechnology and ergonomics
é AP. Tooling and equipment /Y
g AQ. Materials handling
8 AR. Production engineering
= | AS. Work study

AT. Fluid power

S. Computer and digital control equip.
T. Computing systems

U. I qital and computing hardware

V. Computing software
AA. Electronic fabrication

AB. Power generation, energy transfer

AC. Electrical power generation, transmiss %
AD. hutomatic control cystem /
AU. Electrical instruments and sensors

LY

AV. Power electronic devices
AW. Electrical protection devices v/ /
AX. Power transformers, circult breakers
AY. Electraical draves
AZ. Electronic communicatlion V)
B:. Other electronic devices
Y. Engineering survey drafting
2. Cadastral survey drafting
BE. Engineering surveying /]
BC. Cadastral surveying
BD. Hydrographic surveying and drawing
BE. Survey computations
BF. Civil design and computations
BG. Structural design and computations
BH. Hydroloqy and hydraulics
BJ. Town planning
BK. Cartography
BL. Air photo and map i1nterpretation
BlY. Survey investigation and searching

ELECTRICAL/ELECTRONIC

CIVIL ENGINEERING/
SURVEY ING

SNOTE: 1. The titles of each of these clusters are given in Table 6.4 and Fiaure 6.2.

2. [] = 0 to 1% contribution to job; /1 = 5 to 10% contribution tc job;
[l = 1 to 2% contribution to job; l = over 10% contribution to job;
= 2 to st contribution to job;

Figure 6.17 Duty 1level ijob descriptions for clusters within
o engineering systems and administration
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AREA

PERCENT CONTRIBUTION TO JOB
CLUSTER®™"

DUTY

565
309
240
521
574
671
640
449
444
457
305
448
664
616
657
299
469
713
769
652
609
596

GENERAL

Project planning and management

General administration

Written communication

Oral communicat:on

F:nance and estimating

Purchasing

Staff development ]

Staff supervision % % 7 [

Qualyty as urance/quality control Z

Quality testing and measuring

Maintenance 4 ﬁ 7 Z /

Jafety

N

Site 1nspecticn and investigation

Data collection and analysis

N
N
\
N

Use of calculators and computers

Engineering drawing and graphics

Design drafting

BN.

Sti1ll and movie photography

MECHANICAL/MANUFACTURING

(o

Materials testing

Earth moving and mining

AF.

Motorised transport systems

AG.

Process Plant engineering

AH.

Metal fabrication, turning and casting

AS.

Wood, paper, plastics and packaging

AK.

Building services /] ?7

AL.

Advisory and speclalist services /1

AM.

Construction

AN.

Biotechnology and erqonomics

AP.

Tooling and eguipment

AQ.

Materials handling

AR.

Production engineering

AS.

Work study

AT.

Fluid power

ELECTRICAL/ELECTRONIC

S.

Computer and digital control eguip.

T.

Computing systems

U

Digital and computing hardware

A

Computing software

AA.

Electronic fabrication

AB.

Power generation, energy transier

AC

Electrical power generation, transmiss /

AD.

Automatic control system Z 7.

AU

Electrical instruments and sensors

AV.

Power electronic devices

AW,

Electrical protection devices (?

AY.

Power transformers, circuit breakers

AY.

Electracal draives

AZ.

Electronic communication

BA.

Other electronic devices

CIVIL ENGINEERiNG/
SURVEYING

Y

Engineering survey drafting

Z.

Cadastral survey drafting

BB.

Engineering surveying

BC.

Cadastral surveying

BD.

Hydrographic surveying and drawing

BE.

Survey computations

BF.

Civil design and computations

BG.

Structural design and computations

BH.

Hydrology and hydraulics 7

BJ.

Town planning

BK.

Cartography

BL.

Alr photo and map interpretation

BM.

Survey investigation and searching

ERIC

Aruitoxt provided by Eic:

SNOTE:

1. The titles of each of these clusters are given in Table 6.4 and Figure 6.2.

2. [J= o to 1% contribution to job; = 5 to 10% contribution to job;
[A= 1 to 2% contribution to job; B = over 10% contribution to job;
[{ = 2 to 5% contribution to job;

6.17 (Continued)




PERCENT CONTRIBUTION 10 JOB

CLUSTER?™

792
840
357
361
402
277 |
632
703
349
182
232
135
526
548
576
493
234
267
259
190

AREA DUTY

238

N
N
N

A. Project planning and management
B. General administration : %
C. Wratten communication
D. Oral communication ?
E. Finance and estimating

F. Purchasing

G. Staff development

VTN
N

H., Staff supervision

J. Quality assurance/quality control

K. Quality testing and measuring

GENERAL

M. Maintenance

N. Safety /;

P. Site inspection and 1nvestigation

Q. Data collection and analysis
R. Use of calculators and computers ALY /

W. Engineering drawing and_graphics 7

X. Design drafting

BN, Still and movie photography

L. Materials testing VA

AE. Earth moving and mining

AF. Motorised transport systems

AG. Process plant engineering

AH. Metal fabrication, turning and casting

AJ. Wood, paper, plastics and packaging

AK. Building services

AL. Advisory and specialist services 7

AM. Construction

AN. Biotechnology and ergonomics

AP. Tco>ling and egquipment 7

AQ. Materials handling

AR. Production engineering

MECHANICAL/MANUFACTURING

AS. Work study

AT. Fluid power

S. Computer and digital control equip.

T. Computing systems

U. Digital and computing hardwate

V. Computing software

AA. Electronic fabrication

AB. Power generation, energy transfer

8]

-

-4

c

=

=

2 ) . . %
A | AC. Electrical power generation, transmiss

S AD. Automatic control system

2 | AU. Electrical instruments and sensors %

O | AV. Power electronic devices

& | AW, Electrical protection devices Z
8 AX. Power transformers, circult breakers

d AY. Electraical drives 7;

AZ. Electronic communication %%

BA. Other electronic devices

Y. Engineering survey drafting

Z. Cadastral survey drcfting

BB. Engineering surveying

BC. Cadastral surveying

BD. Hydrographic surveying and drawing

BE. Survey computations

BF. Civil desiyn and computations

BG. Structural desion and computations

BH. Hydrology and hydraulics

BJ. Town planning

BK. Cartography

CIVIL ENGINEERING/
SURVEYING

BL. Air photo and map interpretation

—

BM. Survey investigation and searching

*NOTE: 1. The titles of each of these ciusters are given ir Table 6.4 and Figure €.2.

2. [J= o to 1% contribution to job; Y4 = 5 to 10% contribution to job;
[A1= 1 to 2% contribution to job; [l = over 10% contribution to jch;
Bd = 2 co 5% contribution to job;

lFigure 6.17 (Continued)
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An examination of the «cluster titles in Table 6.4 gives an
indication of the range of clusters within the major cluster
of engineering sy::tems and administration. All of the main
branches of engineering are represented, along with many small
or more peripheral branches such as estimation, quality control,
production control and aeronautical engineering.

Some of the more interesting results in Table 6.4 are:

. the primary clusters range in size from 5 respondents to 17
respondents; while the intermediate clusters range in size
from 10 respondents to 124 respondents;

. the average age of each cluster ranges from 23 years
(cluster 521: building services estimators) to 54 years
(cluster 449: construction site supervisors);

. the percentage of females in each cluster ranges from 0% in
a large number of clusters to a maximum of 20% in two
clusters:;

. the average salary ranges from $14,500 (cluster 521:
building services estimators) to $30,700 (cluster 469:
civil/structural engineering supervisors);

. the percentage of members of the cluster completing an
engineering certificate or higher qualification ranges from
19% (cluster 357: trade supervisors) to 100% for thrze
clusters:;

. the task 1level index ranges from 57 (cluster 349: general
test technicians/officers) to 72 (cluster 469: civil/
structural engineering supervisors):;

. the average number of tasks performed by each cluster
ranges from 31 (cluster 238: aeronautical engineering
technicians) to 255 (cluster 548: electric supply
controllers).

Table B~-8 in Appendix B _.gives the percentage contribution in
each of the four broad job function areas for each cluster.

The duty 1level job descriptions in Figure 6.17 provide an
overview of the duties providing high contributions to the work
of each cluster, and clearly show the importance of duties in
the general area for all of these clusters.

To obtain an accurate description of the job profile of each
cluster, one needs to refer to the task level job descriptions
in Appendix E.

A good example of where the task profile in Appendix E shows a
clear difference betweer two adjacent clusters while the duty
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profile in Figure 6.17 shows 1little apparent difference, is
the two adjacent clusters, cluster 616 - design drafters
(non-conputerised) and cluster 657 - design drafters
(computerised) .

6.7 CLUSTERS WITHIN CIVIL ENGINEERING AND SURVEYING

There were 21 primary and 10 intermediate clusters found within
civil engineering and surveying. Figure 6.3 shows the titles of
these clusters and the 1linkages between the primary and
intermediate clusters.

As shown in Figure 6.3 the major cluster divided into the
following main groups:

. cluster 197 - civil engineering (202 respondents)

. cluster 196 - cartographic and survey anhalysis (19
respondents)

. cluster 198 - structural engineering design and drafting
(23 respondents)

. cluster 261 - engineering survey assistants (17
respondents)

. cluster 194 - survey assistants (27 respondents)

. cluster 128 engineering technician survey drafting (26
respondents)

In addition to these main groups, e number of primary clusters
that are traditionally classified within civil engineering and
surveying are to be founu in the adjacent major clusters. That
is, if there is a high contribution of supervision,
administration, and/or general engineering duties, some
traditional civil engineering and surveying clusters ‘ere
included in engineering systems and administration, shown in
Figure 6.2. Also, if there is a high contribution of design and
drafting duties, some traditional civil engineering and
surveying clusters were included in or near the major cluster of
design and drafting, shown in Figure 6.4.

The values of some key background variables and task variables
for each primary and intermediate cluster within civil
engineering and surveying are given in Table 6.5. Some of the
more interesting results in Table 6.5 are:

. the primary clusters range in size from 5 respondents to 27
respondents; while the intermediate clusters range in size
from 13 respondents to 202 resvprn.uents;




TABLE 6.5 SOME BACKGROUND INFORMATION ON CLUST. S WITHIN CIVIL
ENGINEERING AND SURVEYING
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197 CIVIL ENGINEERING 202] 34 2 9] 23,5001% 8 83| 651114 A| C | -
407 ENGINEERING ASSOCIATE SURVEY
DRAFTING 11831 2.6 21,700 } 8 83| 641100 A|C | -
429 CIVIL ENGINEERING SUPERVISION 63} 35 1.6 26,3001 7 84} 6711471 A C
136 CARTOGRAPHIC & SURVEY ANALYSIS 19|32 | 15.8] 21,500 | 5 V| 89] 57 73l Aa(C
Q
128 ENGINEERING TLCHNICIAN SURVEY 26129 |15.4} 19,500 | 5 Q| 58| 58 40| B| C -
DRAFTING
198 STRUCTURAL ENGINEERING DESIGHN 23|33 4.4} 23,600 ] 8 91} 67 73| A MC| -
AND DPRAFTING
619 CIVIL DESIGN & DRAFTING 66131 1.6 21,400} 7 88| 65 96| AjC | -
560 CIVIL ENGINEERING OFFICE 3836 2.61 27,000 7 741 67| 172 AC -
SUPERVIS ON
539 CIVIL ENGI.LERING SITE SUPERVISION 25136 0.0} 25,300 | 6 NJ100j 67 {110} A | MC} -
249 CARTOGRAPHY 13§32 }23.1} 21,200 | 5 V| 83| 54 1iafc | -
635 Senior Engineering Survey Drafters 9!28 | 11.1} 20,800 | > 751 61 95{ A | C |234
683 Civil Design & Drafting Officers 5831 1.81 21,300} 7 86! 64 99 | A C 235
748 water Storage/Drainage Design and 8]32 0.0} 21,600 | 2 Q|100] 69 72| A} C 236
Drafting Officers
612 Civil Design & Drafting Supervisors| 1338 0.0 25,400 | 5 92| 68 { 117 A C |237
605 Survey Officers 25130 4.0 22,300 {6 79| 62 107 | A | C |238
674 Civil Engineering Office 21135 4.8| 26,200 | 6 76 | 67 11991 A|C [239
Supervisors
63 Senior Civil Engineering Office 13} 40 0.0| 30,000 |5 771 69 | 141 | A | C |240
Supervisors
763 Civil Engineering Site Supervisors 18§36 0.0} 26,200 | 6 100§ 67 | 107 | A { MC|241
704 Civil Engineer‘~g Site Officers 6]36 0.0f 22,000 §2 V{100 | 67 {1116 | A | MC|242
525 Hydrological Analysis Officers 8136 0.0 23,900 |3 831651117 | A | C |243
367 Civil Engineering Officers 7142 0.0] 26,900 | 3 Q 86 ] 68 87| A]C |244
568 Cartocraphic Survey Drafting 5132 1 40.0] 19,300 ; 4 100} 53 641 AJC |245
Officers
676 Cartographic Computation Officers 6]30 0.0§ 22,500 | 3 831 56 79 | A | C |246
246 Survey Computation Officers 6132 0.0f 22,000 {2 Q{100 | 63 79 { A | EC| 247
445 Structural Designers and Drafters 1234 8.3] 24,000 {6 92 67 78 1 A | MC| 248
471 Civil & Structural Designers and 5132 0.0f 23,500 | 3 100 | 64 75 | A | MC| 249
Drafters
261 Encineering Survey Assistants 1733 6.3} 21,600 {5 N[ 71} 63 57 1A }C 250
194 Survey Assistants 27432 0.0 20,500 7 76 | 60 49 A | C 251
488 Road Survey Drafters 7132 | 14.3} 21,800 { 4 43 ] 60 511B|C 1252
606 Survey Computation & Drafting 5126 20.0| 17,500 |1 Q} 60 | 59 32 1B | C {253
Technicians
338 Engineering Survey Drafters 7|28 {14.3] 16,600 | S 20§ 54 37]T]C |254
*NOTES

1. Cluster titles 1in capital letters indicate intermediate clusters, whereas cluster titles
in lower-case letters indicate prinary clusters. Cluster titles with an asterisk
indicate the primary clusters that are regarded as marginal, having within group overlap
indices >f between 40% and 45%, or between groups overlap indices of between 25% and 30C%.

2. States - Indicates the number of States or Territories reprresented in the cluster. Also
indicated 1is the State or Territory representing over 40% ~f the members of .ntermediate
clusters and over 50% of the members of primary clusters, where N = NSW, V = VIC,
Q = Qld, S = SA, W= WA, T = TAS, A= ACT.

3. Education indicates the percentage of members of the cluster who have completed a
certificate course in engineering or higher qualification.

4. Task level index indicates the average 1level of tasks performed by members of the
cluster. The minimum 0 indicu:es all tasks are performed by technician level workers or
tradespersons. The maximum of 100 indicates that all tasks are performed by associate
level workers or professional engineers. The actual range for all clusters is 47 to 72.

5. Level indicates the 1likely average 1level of the cluster, based on the variables of
highest education, task level index, and number of tasks performed. & = associate level,
T = technician level, B = blurred (probable mixture of both levels).

6. Area of specialisation indicates the main area(s) of specialisation of tne cluster, where
m = over 6% coni..oetinn from me~k:-njcal/manufacturing area, E = over 6% contribution
from electrical/electronic area, c = over 6% contribution from civil
engineering/surveying area, and G = general area, with less than 6% contribution in each
of the other three areas.

7. Page number of job description indicates th. page number in Apperdix E of the task level
jJob description (top 60 tasks only) of each cluster.

8. Average figures provide only an approximate indication of population characteristics, due

Q to sampling error. Caution should be exercised in interpretation, particularly with
Ez l(:‘ primary cluster values, as most primary clusters comprise very small numbers of
respondents. 113
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AREA

2UTY

PERCENT CONTKIBUTION TO JOB

CLUSTER™

197
407
429
196
128
198

(<3
-
O

560
539
249

5

3
683

BN
s Kl
~]o

Project planning_and management

General administration

605
7
693
763
704
525
367
568

Written communication

Oral communication

Finance and estimating

Purchasing

Staff development

Staff supervision

/.

Quality assurance/quality control

R|Gjm|OM|Wlo N>

Quality testing and measuring

GENERAL

Maintenance

Safety

wir4dk4

Site inspection and 1nvestigation

4

lo

Data collection and analysis

»

Use of calculators and computers

N
\\
S)

=

Engineering drawing and graphics

b

Design drafting

BN.

3till and movie photography

L.

Materials testing

AE.

Earth moving and mining

AF.

Motorised transport systems

AG.

ProceSs plant engineering

AH.

Metal fabrication, turning and casting

AJ.

Wood, paper, plastics and packaging

AK.

Bui1lding services

| AL.

Advisory and specialist services

EM.

Construction

AN.

Biotechnology and ergonomizcs

AP.

Tooling and equipment

AQ.

Materials handling

AR.
-

Production ergineering

MECHANICAL/MANUFACTURING

AS.

Work study

AT.

Fluid power

S.

Computer and digiltsl] control equip.

Computing systems

U.

Digital and computing hardware

V.

Computing software

AA.

Electronic fabrication

AB.

Power generation, energy transfer

AC.

Electrical power generation, transmiss

AD.

Automatic control system

AU.

Electrical instruments and sensors

[

AV.

Power electronic devices

Aw.

Llectrical protection devices

AX.

Power transformers, circuit breakers

SLECTRICAL/ELECTRONIC

AY.

Electrical draves

AZ.

Electronic communication

BA.

Other _electronic devices

Y.

Engincering survey drafting

2.

Cadastral survey drafting

BB.

Englneering surveyilng

BC.

Cadastral surveying

BD.

Hydrographic surveying and drawing

BE.

Survey computations

BF.

Civil design and computations

BG.

Structural design and computations

SURVEY ING

BH.

Hydrology and hydraulics

\|

N

BJ.

Town planning

BK.

Cartograpby

7

CIVIL ENGINEERING/

BL.

Air photo and map 1nterpretation

Survey investigation and searching

tNOTE: 1. The titles of each of these clusters are givra in Table 6.5 and Figure 6.3.

Figure 6.18

i
\
1

Q
S

2. [] = 0 to 1% contribution to job;:

(A= 1 to 2% contribution to job;
X = 2 to 5% contribution to job;

114

F2 = 5 to 10% contribution to job;
[} = over 10% contribution to job;

Duty 1level Jjob descriptions for clusters within
civil engineering and surveying

1.3




|f loERCENT cONTRIBUTION TO JOB
CLUSTER*

HR
VIl |riol o]l o ]
A%EA DUTY 133 ol Bod DA RS2 B L d K= Ko
WIN | TN~
A. Project planning and management
-

B. General administration
C. Written communication
D, Oral communication 7
E. Finance and estimating
! F. Purchasing
G. Staff development
H. Staff supervisic..
Quality assurance/quality control
K. Quality testing and measuring
M. Maintenance
N. Safety
P. Site inspection and 1nvestigation AUY
Q. Data collection and analysi=
R. Use of calculators and computers 4
1 W. Engineering drawing and graphics 7
! X. Design drafting A

|

GENERAL
[#]

3N, Still and movie photography
L. Materials testing
AE. Earth moving and mining
AF. Motorised transport systems
AG. Process prlant enginee€ring
AH. Metal fatrication, turning and casting
AJ. Wood, paper, plastics and packaging
AK. BSui1lding services
Advisory and specialist services
AM. Constriuction A
AN. Biotechnology and ergonomics
AP. Tooling and eavipment
AQ. Materials handiing
AR. Production engineering
AS. Work study
AT. Fluid power
S. Computer and digital control eguip.
T. Computing systems
U. Digital and computing hardware
V. Computing software
AA. Electronic fabrication
AB. Power generation, energy transfer
AC. Electrical power generation, transmiss.
Automatic control system
AU. Flectrical instruments and sensors
AV. Power electronic devices
AW. Electr‘~al protection devices
AX. Power transformers, circult breakers
AY. Electrical draives
AZ. Electronic communlication
BA. Other esectronic devices
Y. Engineering survey drafting %
2. Cadastral survey drafting ﬁl
BB. Engineering surveying VXY,
BC. Cadastral surv2ying
BD. Hydrographic surveyina and drawing
BE. Survey computations
BF. Civil design and computations
BG. Structural design and computations 7
BH. Hydrology and hydraulacs
BJ. Town planning
BK. Cartography
BL. Air photo and map interpretation
BM. Survey 1investigation and searching

MECHANICAL/MANUFACTUZ? ING
>
r

ELECTRICAL/ELECTRONIC
>
o

/

8

‘4

SURVEYING

CIVIL ENGINEEPRINC

sNOTE: 1. The titles of each of these clusters are given in Table 6.5 and Figure 6.3.

2. E] = 0 to 1% contribution to jnob; /4 = 5 to 10% c:rtribution to jobi
[A/1= 1 <o 2% contribution to job; B = over 10% contribution to job;
Eg = 2 to 5% contribution to job:

Figure 6.18 (Continued)
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. the average age of each cluster ranges from 26 Years
(cluster 606: survey computation and drafting technicians)
to 42 years (cluster 367: civil engineering officers):

. the proportion of females in each cluster ranges from 0% in
a large number of clusters to a maximum of 40% in cluster
568: cartographic survey drafting officers;

. the sverage salary ranges from $16,600 (cluster 338:
engineering survey drafters) to $30,000 (cluster 693:
senior civil engineering office supervisors):;

. the percentage of members of the cluster completing an
engineering certificate or higher qualification ranges from
14% (cluster 338: engineering survey drafters) to 100% for
five primary clusters:

. the task level index ranges from 53 (cluster 568:
cartographic survey drafting officers) to 69 (cluster 748:
water storage/drainage design and drafting officers):

. the average number of tasks performed by each cluster
ranges from 32 (cluster 606: survey computation and
drafting technicians) to 199 (cluster 674: civil
engineering officer supervisors).

Table B-9 1in Appendix B gives the percentage contribution of
each of the four broad job function areas for each cluster. The
duty 1level job descriptions in Figure 6.18 provide an overview
of the duties providing high contributions to ihe work of each
cluster, and clearly show the importance of duties in the civil
engineering/surv ‘'ing area for all of these clusters.

To obtain an accurate description of the job profile of each
cluster, one needs to refer to the task level job descriptions
in Appendix E.

The task level job descriptions in Appendix E and the backgiound
information in Table 6.5 confirmed the fairly clear division of
engineering associate clusters from engineering technician
clusters in the survey drafting occupations. The same sources
confirmed the clear division of 'office' clusters from 'site'’
clusters in the c¢ivil engineering supervision occupations.
These divisions are reflected in the cluster titles shown in
Figure 6.4.

6.8 CTUSTERS WITHIN AND NEAR wRAFTING AND DESIGN
There were 13 primary and 6 intermediate clusters found within

drafting and design, and one outlying primary cluster between
the major cluster of civil engineering and surveying and the
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major cluster of drafting and design. Figure 6.4 shows the
titles of these clusters and the linkages between the primary
and intermediate clusters.

As shown in Figure 6.4, the major clusters divided into the
following main groups:

. cluster 159 - drafting (64 respondents)

. cluster 242 - equipment design (29 respondents)

. cluster 134 - civil design drafters (6 respondents)

. cluster 94 - production method designers and planners (7
respondents)

. cluster 127 - tooling and equipment technicians (7
respondents .

The values of some key background variables and task variables
for each primary and intermediate cluster within and near
drafting and design are given in Table 6.6. Some of the more
interesting results in Table 6.6 are:

. the primary clusters range in size from 5 respondents to 24
respondents; while the intermediate clusters range in size
from 16 respondents to 64 respondents;

. the average age of each cluster ranges: from 23 years
(cluster 515: encgineering survey drafters) to 37 years
(cluster 126: senior structural analysis and design
officers):;

. the percentage of females in each cluster ranges from 0% in
a large number of clusters to a maximum of 29% in cluster
515: engineering survey drafters:

. the average salary ranges from $16,600 (cluster 515:
engineering survey drafters) to $28,900 (cluster 126:
senior structural analysis and design office.s):;

. the percentage of members of the cluster completing an
engineering certificate or higher qualification ranges from
29% (cluster 127: tooling and equipment technicians) to
100% (cluster 126: senior strvctural analysis and design
officers):

. the task 1level index ranges from 49 (cluster 412: senior
cartographic survey drafters) to 72 (cluster 126: senior
structural analysis and design officers);

. the average number of tasks performed by each cluster
ranges from 20 (cluster 389: other design drafters) to 65
(cluster 285: mechanical designers).

Table B-10 in Appendix B gives the percentage contribution of
each of the four broad job function areas for each clust-=r.
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TABLE 6.6 SOME BACKGROUND INFORMATION ON CLUSTERS WITHIN AND

NEAR DRAFTING AND DESIGN

S | .
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159 DRAFTING 64 { 27 9.51 19,4001} 7 691 55 36 | B} C -

278 DRAFTING ADMINISTRATION AND 39126 13.2] 19,700 7 74| 55 41 |B| C -

SURVEY DRAFTING

324 SURVEY DRAFTING 26 | 25| 16.0] 18,600 5 76 } 54 39 (B8] C -

301 DESIGN DRAFTING 22| 29 4.6] 19,000 6 V| 62} 54 26 | B| MC| -~

242 EQUIPMENT DESIGN 29 1 30 0.0} 21,8001} 5 90| 61 61 | A] MC

351 SENIOR SURVEY DRAFTERS 19126]11.1} 19,2001} 5 831 55 381B}C -

126 Senior Structural Analysis and 5137 0.0 28,9001} 2 Q{100 ]| 72 48 | A | MC|255

Design Officers

478 Senior Electrical Design Drafters 7] 29 0.0} 22,2001} 5 86| 56 44 | B| E {1256

513 Senior Electronic Design Drafters 6129]116.7) 21,5001 4 50| 56 47 | T| G }257

515 Engineering Survey prafters 7123]28.6} 16,600 3 571 52 41 | B C 258

497 Senior Engineering Survey Drafting |14 | 26 7.7] 19,900 ]| 3 86 | 57 40 | B| C 259

Office s

417 Senior artographic Survey Drafters| 5|26 | 20.0] 17,500 4 751 49 33{BJC |26C

542 Building Services Design Drafters 6 | 31 0.0} 19,500 4 67 57 33|Bj{M j261

392 Structural Design Drafters 11 ] 29 0.0} 18,900} 4 v| 641} 55 25 | B| MC|262

389 Other De. ign Drafters 5125)20.0| 18,700 3 50} 50 20{ Ty C [263

.85 Mechanical Designers 24 ] 29 0.0 21,700} 5 92 ] 62 65 | A} MC|2€4

406 Design and Development Officers 51 36 0.0 22,300 4 80 ] 59 46 | B| G |265

134 Civil Design Drafters* 6| 27 0.0} 20,5001 3 V| 67 62 3 A} C 1266

94 Production Method Designers and 7135 0.0 23,0001 5 57| 61 44 |A| M 267
Planners*
127 Tooling & Equipment Technicians* 7127 0.0 17,000 3 29 | 56 38 Tl M 1268
*NOTES

1. Cluster titles in capital le..ers indicate intermediate clusters, whereas cluster
titles in 1lower-case letters indicate primary clusters. Cluster titles with an
asterisk indicate the primary clusters :that are regarded as marg:nal, having within
group overlap indices of between 40% and 45%, or between groups overlap indices of
between 25% and 30%.

2. States - 1Indicates the ncmber of States or Territories represented in the cluster.
Also indicated is the State or Territory representing over 40% of the members of
intermediate clusters and over 50% of the members of primary clusters, where N = KNSk,
V= VIC, Q=Q1ld, S=SA, W=VWA, T= TAS, A= ACT.

3. Education indicates the perceatage of members of the cluster who have completed a
certificat: course in engineering or higher Ggualification.

4. Task level index indicates the average level of tasks performed by members of the
cluster. The minimum 0 indicates all tasks are performed by technician level workers
or tradespersons. The maximum of 100 indicates that all tasks are performed by
associate 1level workers or professional engineers. The actual range for all clusters
is 47 to 72.

5. Level indicates the 1likely average level of the cluster, based on the variables of
highest education, task level index, and number of tasks performed. 2 = associate
level, T = technician level, B = blu.red (probable mixture of Loth levels) .

6. Area of specialisation indicates the main area(s) of specialisation of the cluster,
where m = over 6% contribution from mechanical/manufacturing area, E = over 6%
contribution from electrical/electronic area, C = over 6% contribution from civil
engineering/surveying area, ané G = general area, with less than 6% contribution 1n
each of the other :hree areas.

7. Page number of job description indicates the page number 1in appendix E of the task
level job description (top 60 tasks only) of each cluster.

8. Average figures provide only an approximate indication of population characteristics,
due to sampling error. Caution should be exercised in interpretation, particularly
with primary cluster values, as most primary clusters comprise very small numbers of
respondents.
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DuTY

Project planning and management

B.

General administration

C.

Written communication

D.

Oral communication

E.

Finance and estimating

F.

Purchasing

G.

Staff develorment

H.

Staff supervision

Quality assurance/quality control

K.

Quality testing and measuring

GENERAL

M.

Maintenance

Safety

P.

Site 1nspection and 1nvestigation

Data collection and analysis

R.

Use of calculator _ané computers

W.

Engineering drawing &nd graphics

X.

Cesign drafting

: BN,

Sti1ll and movie photography

Materials lesting

AE.

E.rth moving and mining

AF,

hotorised transport Systems

AG.

Process plant engineering

AH.

Metal fabraication, turning and casting

AJ.

Wood, paper, plastics and packaging

AK.

Building services

AL.

Advisory and specialist services

AM.

Construction

AN.

Biotechnology and_ -gonomics

Tocling and eguipment

AQ.

Materials handlirng

Froduction englneering

MECHANICAL/MANUFACTURING

Work study

Fluid power

Computer and digital control equip.

Computing SysStems

Di1gital and computing hardware

Computing software

Electronic fabrication

Power genera*tion, enerqy transfer

Electrical power generation, transmiss,

Automatic control cystem

Electrical instruments 3nd sensors

Power elec:irorlc devices

Electrical protection devices

Pcwer transformers, circult breakers

Electrical draives

FLECTRICAI./ELECTRON1C

AZ.

Electronic communicat.on

Other electronic devices

Engineering survey drafting

Cadastral survey drafting

Engineering surveying

Cadastral surveying

Hydrographic surve,:ng and drawing

Survey computations

Civil design ¢nd cowputations

ENGINEFRRING/

Structural desiqr ard computations

SURVEY ING

BH.

Hydrology ané hydraulics

Town planning

BK.

Cartography

CIVIL

BL.

Arr photo anc map interpretatlon

BM.

Survey 1nvestigat:on and searching

1. The titles of each of these clusters are given in Table 6.6 and Figure 6.4.

2. [J= o to 1% contribution to job:

Fiqure

[/1= 1 to 2% contribution to job:
K= 2 to 5% contribution to job:

6.i9 Duty 1level _ob descriptions
and near drafting and design

119

PERCENT CONTRIBUTION TO JOB
LUSTERH"®*

159
278
324
301
242
351
126
478
513
389
285
406
134

34
127

AN

NN

N

5 to 10% contribution to job:
over 10% contribution to job:

for clusters within



The duty 1level Jjob descrirtions in Figure 6.19 provide an
overview of the duties providing high contributions to the work
of each cluster, and clearly show the importance of the two
duties 'W. engineering drawing and graphics' and 'X. design
drafting' for all of these clusters.

To obtain an accurate description of the job profile of each
cluster, one needs to refer to the task level job descriptions
in Appendix E.

6.9 CLUSTERS WITHIN AND NEAR ELECTRICAL AND ELECTRONIC
ENGINEERING

There were 18 primary and 7 intermediate clusters found within
e¢lectrical and electronic e1gineering, and one outlying
intermediate cluster with two ouclying primary clusters adjacent
to the major cluster. Figure 6.5 shows the titles of these
clusters and the linkages between the primary and intermediate
clusters.

As shown in Figure 6.5, the major cluster divided into the
following main groups:

. cluster 67 ~ electrical engineering (32 respondents)

. cluster 89 -~ electronic engineering (126 respondents)

. cluster 56 -~ electronic testing and supervision (19
respondents) .

In addition, there was one outlying intermediate cluster:

. cluster 16 - egquipment assembly and repair (54
respondents) .

The values of some key background variables and task variables
for each primary and intermediate cluster within and near
electrical and electronic engineering are given in Table 6.7.
Some of the more interesting results in Table 6.7 are:

. the primary clusters range in size from 5 respondents to 17
respondents; while the intermediate clusters range in size
from 11 respondents to 126 respondents;

. the average age of each cluster ranges from 25 years
(cluster 216: computer and digital control technicians) to
37 years (cluster 183: equipment monitors and maintainers);




TABLE 6.7 SOME BACKGROUND INFORMATION ON CLUSTERS WITHIN AND
NEAR ELECTRICAL AND ELECTRONIC ENGINEERING

L -
o z
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W 2] x |0 z ] o Bl = Vlw|l o &
B [A] B 2] é [A) § ) < § [ o
wa <] 0 © O m Ul x 0| <
DE 3] D £ |w & X x 5 ©» wlolal o
D - I 2 S (> [X) > = ol < Slal x| o
oz B o (3] z |« oy < z 0| & 3 N I
89 ELECTRONIC ENGINEERING 12630 0.81] 21,900 8 48] 61} 1031 B| E -
67 ELECTRICAL ENGINEERING 32133 0.0 ] 25,200| 8 V| 55| 59 86| A} ME| -
120 ELECTRONIC EGUIPMENT 79130 0.0] 21,900} 8 471 62| 129 B{ E -
115 COMPUTER & DIGITAL EQUIPMENT 451]31 2.31 21,7001} 8 50y S8 S7{T{E -
85 ELECTRICAL MONJTORING 20|35 0.0} 26,200 7 v| 551 59 91] A| ME] -
56 ELECTRONIC TESTING & SUPERVISION 19|30 0.0 ] 22,000] 7 58} 59 44| B| E -
100 EQUIPMENT MONITORING & CONTROL 11§35 0.0 22,700¢% 7 451 59 83| T| ME} -
119 Electrical Protection Technicians/ 12130 0.0 23,5001 4 55| S8 771 A| E [269
Technical Officers
175 Electrical Power Generation 9136 0.0}30,500) 1V} 67| 60202} A| ME}270
Supervisors
207 Automatic Control System 5|31 0.0 22,300} 5 20 60 78| B| E {271
Technicians
183 Equipment Monitors & Maintainers* 6137 0.0 23,000} 5 67} 57 87| A| ME|272
629 Microelectronic Design and 9134 0.0124,100] 3 v| 781 66213 ]| Al E [273
Development Officers
562 Senior Microelectronic Maintenance 14131 0.0] 23,500 5 421 641146 | B| E |274
Technic.zxns
545 Senior Electronic Maintenance 5127 0.0 23,500 3 v| 60| 621162} A} ME|275
Officers
308 Electronic Communication System 17133 0.0 22,500} 5 53| 61 |10 | A|E |276
Repair Officers
280 Electronic Control System 8126 0.0 20,9001 4 25| 56 | 134 | T | ME{277
Repair Technicians
167 Senior Electronic Eguipment 9129 0.0} 22,8001 5 56 63 97t Al E 278
Officers*
i81 Electronic Technicianst* 6124 0.0}15,5001| 4 171 57 87| T ME{279
315 Computer and Digital Equipment 1635 0.0 ] 23,3001} 6 40| 62 731 B} E {280
Installation Techknicians
362 Computer and Digital Eguipment 628 0.014 22,5001 3 50 S5 46 | T| E |281
Maintenance Technicians
216 Computer and Digital Control 1025 }110.0 | 20,200 5 40| 56 S8 { T|E |282
Technicians
229 Biotechnology and Other 5]32 0.0 21,10¢C 4 4 60| 55 36 { B|E |283
Instrument Techknicians
179 Communication Systems Design 5132 0.0§19,3001} 4 100 ] 55 SO | BIE |284
and Assembly Technical Officers
206 Electronic Testers - €]27 0.0}19,9%001 3 83| 56 42 | B |G |285
92 Electronic Supervisors 1032 0.G} 22,3004 5 501 63 45 | B | E |286
16 EQUIPMENT ASSEMBLY & REPAIR 54127 1.9 |18,8001 6 31| 52 24 | T | ME| -
215 Fluidic & Electronic Technicians 6]26 0.0118,000¢ 4 17| 47 8| T|ME|287
86 EGuipment Maintenance Technicians# 8125 0.0{16,000}| 3 w| 38] 53 19 { T | ¥ |288
* 1. Cluster titles in capital letters indicate intermediate clusters, whereas cluster
titles in lower-case letters indicate primary clusters. Cluster titles with an

asterisk indicate the primary clusters that are regarded as marginal, having within
group overlap indices of between 40% and 45%, or between groups overlap indices of
between 25% and 30%.

2. States - 1Indicates the number of States or Territories represented in the cluster.
Also indicated is the State or Territory representing over 40% of the members of
intermediate clusters and over 50% of the members of primary clusters, where N = NSW,
Ve VIC, Q=0Q1d, S = SA, W=wWA, T = TAS, Az ACT.

3. Education indicates the percentage of members of the cluster who have completed a
certificate course in engineering or higher qualification.

4. Task level _index indicates the average level of tasks petformed by members of the
cluster. The minimum O indicates all tasks are performed by technician level workers
ot tradespersons. The maximum of 100 indicates that all tasks are performed by
associate level workers or professional engineers. The actuai range for all clusters
15 47 to 72.

5. Level indicates the 1likely average level of the cluster, based on the variables of

highest education, task level index, and number of tasks performed. A = agsociate
level, T = technician level, B = blurred (probable mixture of both levels).

6. Area  of specialisation indicates the main area(s) of specialisation of the cluster,
whete m = over 6% contribution from mechanical/manufacturing area, E = over 6%
contribution from electrical/electronic area, C =* over 6% contribution from civil
engineering/surveying area. and G = genreral area, with less than 6% contribution in
each of the other three areas.

7. Page number of job description indicates the page number in Appendix E of the task
level job description (top 60 tasks only) of each cluster.
8. Average figures provide only an approximate indication of population characteristics,

due to sampling error. Caution should be exercised in interpretation, particularly
with primary cluster values, as most primary clusters comprise very small numbers of

Qo respondents.
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PERCENT CONTRIBUTION TO JOB
CLUSTEHIKS?™*
AKEA DUTY R 10 b it v = B o Bl B o 3£ o E Y BT BT B4
S — -t v-‘r—c-—-N-—-\:L"mMN-—-«mr'ﬁ,'\
{
A. Project planning and management
B. General administration 7
C. Written communication 9’22 /] % 7
D. Oral communication YoHY WL LH 4 7
E. Finance and estimat:ing
F. Purchasing
G. Staff development zZ
2 H. Staff supervision )
ﬁ J. Quality assurance/quality control
£1 K. Quality testinc and measuring / %
Y1 M. Maintenance VX7 XA 4 %,
! N. Safety
| P. Site i1nspection and invectigatlon
Q. Data collection and analysis 7 Z

R. Use of calculators and computers VA X Z
W. Engineering drawing ané graphics
X. Decsign drafting
BN. St1l1l and movie photography
L. Materials testing
AE. Earth moving and mining
AF. Motorised transport systems
AG. Process plant engineering
AH. Metal fabrication, turning and castinc
AJ. Wood, paper, plastics and packaging
AK, Building services
Advisory and speclalist services
AM. Construction
AN. Biotechnology and ergonomics
AP. Tooling and equipment %
AC. Materaals handlinag
Ah. Production engineeriny
AS. Work study
AT. Fluid power

MPCHANICAL/MANUFACTURING
>
[ ol

S. Computer and digital control equip. %,
T. Computing systems |

© U. Digital and computing hardware /
< V. Computing software
c P
& |.Ah. Electronic fabrication 7, i 7
& AL. Power generation, energy transfer % 457 7 7
= C. Electrical power ceneration, transmlss i
Y 12D, Automatic control system SIAXY %
Z |AU. Eiectrical in-truments and sensors 7 A
YAV, Power electronic devices 7
Z | AW. Flectrical protection devices %
Q1 BX. Power transformers, circult breakers Z 1
o | AY. Electrical drives 7

Ai. Electronic communication 7 7

BA. Other electronic devices z

Y. Engineering survev drafting

2. Cadastral survey drafting

BE. Engineering survevying

BC. Cadastral surveying

BS. Hydrographic surveying and drawlng
BE. Survey computations

BF. Civil design and cor;etations

BG. Structural design and computations
Bii, Hydrology and hydraulics

BJ. Town planning

BK. Cartograph

BL. Air photo and map 1nterpretation
BM. Survey investigation and searching

SURVEYING

CIVIL ENGINLERING/

tNOTE: 1. The titles of each of t’ 2se clusters are given in Table 6.7 and Figure 6.5.

2. [J= o to 1% contribution to job; /4= 5 to 10t contribution to job;
[Z1= 1 to 2% contribution to job; B = over 10% contribution to job;
Eg = 2 to 5% contribution to job;

3. This fiqure ipciudes adjacent heterogeneous clusters (see section 6.10)

Figure 6.20 Duty 1level job descriptions for clusters within
and near electrical and electronic engineering
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AREA

DUTY

PERCENT CONTRIBUTION TO
CLUSTER?®*

179
206
92
37
39
40
36
51
41

Project planning and management

General administration

Wratten communication

Oral communication

Finance and estifmating

Purchasing

Staff development

Staff supervicion

Quality assurance/quality control

Quality testin3g and measuring

GENERAL
(3

M.

Maintenance

N.

Safety

P.

Site 1nspection_ané 1nvestigation

Q.

Data collection ané analysis

R.

Use of calculeators and computers

W.

Engineering drawing and graphics

Design drafting

BN.

St1ll and movie photography

L.

Materials testing

AE.

Earth moving and mining

AF.

Motorised transport systems

AG.

Process plant engineering

AH.

Metal fabracation, turning and casting

AJ.

Wood, paper, plastics and packaging

kK.

Building services

AL.

Advaisory and specialist services

AM.

Construction

AN.

Biotechnology and ergonomics

AP.

Tooling and egulfrent

AQ.

Materials handl:ing

AR.

Production engineéring

MFCHANICAL/MANUFACTURING

AS.

Work study

AT.

Fluid power

S.

Computer and digital control egquip.

Computing cystems

Digital and computing hardware

V.

Computing software

AA.

Electronic fabraication

AB.

Power generation, enerqy transfer

AC.

Electrical power generation, transm:iss.

AD.

Automatic control system

AU.

Electrical instruments and sensors

AV.

Power electronic devices

AW.

Electrical protection devices

AX.

Power transformers, circuit breakers

AY.

FLECTRICAL/ELECTRONIC

Electrical draves

AZ.

Electronic communication

BA.

Other electronic devices

Engineering suvrvey drafting

Cadastral survey drafting

/

BB.

b}

Engineering surveying

BC.

Cadastral surveying

BD.

Hy Jrographic surveying and drawing

BE.

Survey computations

BF.

Civil design and computations

BG.

Structural design and computations

SURVEYING

BH.

Hydrology and hydraulaics

BJ.

Town planning

BK.

CI1VIL ENGINEERIN

Cartography

BL.

Air photo and map :nterp-etation

BM.

Survey ainvestigation and searching

3. This figure

1. The titles of each of these clusters are given in Table 6.7 and Figure 6.5.

2. [J= o0 to 1% contribution to job;

Ea = 1 to 2% contribution to job;
Eg = 2 to 5% contribution to job;

o Tigure 6.20 (continued)

ERIC

Aruitoxt provided by Eic:
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5 to 10% contributior to job;
over 10% contribution to job;

includes adjacent heterogeneous clusters (see section 6.10)




. the proportion of females in each cluster ranges from 0% in
a large number of <clusters to a maximum of 10% in one
cluster;

. the average salary ranges from $15,500 (cluster 181:
electronic technicians) to $30,500 (cluster 175: electrical
power generation supervisors):

. the percentage of members of the cluster completing an
engineering certificate or higher qualification ranges from
17% in two clusters (cluster 181: electronic technicians;
and cluster 215: fluidic and electronic technicians) to
100% (cluster 179: communication system design and assembly
technical officers):

. the task 1level index ranges from 47 (cluster 215: fluidic
and electronic technicians) to 66 (cluster 629:
microelectronic design and development officers);

. the average number of tasks performed by each cluster
ranges from 8 (cluster 215: fluidic and electronic
technicians) to 213 (cluster 629: microelectronic design
and development officers).

Table B-11 in Appendix B gives the percentage contribution of
each of the four broad job functions areas for each cluster.

The duty 1level job descriptions in Figure 6.20 provide an
overview of the duties providing high contributions to the work
of each cluster, and clearly show the importance of duties in
the electrical/electronic area for all of these clusters.

To obtain an accurate description of the job profile of each
cluster, one needs to refer to the task level job descriptions
in Appendix E.

6.10 HETEROGENEOUS CLUSTERS

A significant number of respondents formed clusters rather late

in the hierarchical clustering process. Such clusters have
relatively 1low within group overlap indices and between groups
overlap indices. The members of these clusters tend to be

aneterogeneous in their job profiles. Though forming a 'loose’
cluster, in their work patterns they behave more like
individuals. Consequently the nature of the work of such
clusters is usually difficult to interpret.

As mentioned in Section 3.5, Archer (1966) suggests minimum
values of:




are indicated by broken lines.
Titles were not given to thesge
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. 50% for within group overlap indices:; and
. 35% for between groups overlap indices,

as an acceptable 1level for clusters representing distinct job
types. In this study minimum values of 40% and 25% respectively
were chosen because of the broad scope of the task inventory and
the sample obtained. Clusters having indices above these values
were reasonably easy to interpret.

Tere were ten outlying clusters not shown in the cluster diagram
because they had within group overlap indices of less than 40%
or between groups overlap indices of less than 25%, and thus
were excluded from further analysis. Two of these rejected
clusters were located between the major cluster of drafting and
design and the major cluster of electrical and electronic
engineering, and contained a total of 29 respondents. The other
eight rejected clusters were located to the right of the major
cluster of electrical and electronic engineering, and contained
a total of 90 respondents. The ten rejected clusters are shown
in Figure 6.22, which represents Part 4 of the full cluster
diagran. Figure 6.21 also shows their position relative to the
adjacent clusters.

The ten rejected clusters contained a total of 119 respondents.
The underlying reason for their exclusion from further analysis
is the heterogeneous nature of their job profiles resulting in a
poor fit 1in any group or cluster. It is significant that most
of these clusters were 1located in one area, and the number of
respondents involved is also significant.

The duty 1level Jjob descriptions of these clusters are given in
Figure ¢.20. Further data would need to be collected, probably
by interviewing individual respondents, in order to dra«
corclusions on the nature of the work of these respondents and
the relevance of present courses to their needs. It is
suspected that TAFE and other education providers do not cater
well for the education needs of these responder.ts because they
do not form a single large and clearly definable group. The
project resources did noc allow a follow-up of these
respondents.

Recommendation 1

That a study be undertaken of the section of the engineering
technical workforce represented by the ten heterogeneous
outlying clusters found in this study. The purpose of the study
should be to determine the job functions ~nd education and
training needs of this section of the workforce.
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CHAPTER 7: DISCUSSION OF THE GENERAL RESULTS

7.1 EDUCATION FOR THE RANGE OF ENGINEERING TECHNICAL WORKFORCE
OCCUPATIONS

The primary clusters found in this study and discussed in the
previous four sections represent the spectrum of occupational
groups in the engineering technical workforce. It is suggested
that TAFE and other providers of education and training for the
engineering technical workforce should compare the needs,
represented by these clusters (and presented in Chazier 6 and
Appendix E), with their current overall provision of engineering
courses. It is likely that suitable education programs are not
available for all of these occupational groups in all States and
Territories.

Differences in the types of industries and the way work is
organised occur among the States and Territories, there being
evidence for this in the distribution of the State/Territory
variable among the primary clusters (see Tables 6.4, 6.5, 6.6
and 6.7). After allowing for this, there are likely to be gaps
remaining in the scope of courses offered when compared with the
educational needs of the engineering technical workforce.

Recommendation 2

That TAFE Authorities and other education and training providers
use the results of this study to review their current courses
for the engineering technical workforce. In particular, the
needs of the engineering technical workforce, represented by the
occupational clusters found 1in this study, should be compared
with each  Authority’s overall provision of engineering
courses.

Any thorough review of engineering conurses should involve an
examination of all of the occupational clusters found in this
study, but some of the primary clusters warrant a particularly
close examination because they show evidence of significant
departures from the average distribution of educational
qualifications. Of particular interest in this regard are the
follcwing responses to Question 9:

Q. 102
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. blank response,

. completion of 'other course',

. certificate or associate diploma course commenced but not
continued.

Clusters that show much higher than average rates for these
three responses may indicate a gap in the provision of suitable
TAFE or CAE courses for the particular needs of the occupational
grou)p represented by the cluster.

The whole sample distribution of 'highest education' responses
for these three are:

. blank response - 55 respondents (4.5%),

. completion of other course - 34 respondents (2.9%),

. certificate or associate diploma course commenced but not
continued - 67 respondents (5.7%),

. total of all three - 156 respondents (12.7%).

Primary clusters that showed a total of 25% (i.e. about double
the whole sample rate) or more of these responses and 3 or more
respondents giving these responses, are listed in Table 7.1.

TABLE 7.1 LIST OF PRIMARY CLUSTERS HAVING A HIGHER PROPORTION
OF UNUSUAL EDUCATIONAL QUALIFICATIONS

CLUSTER
NUMBERS CLUSTER TITLE

609 Electronic Engineering Supervisors

357 Trade Supervisors

632 Materials Test Technicians/Officers

576 Electro-mechanical Engineering Officers

525 Hydrological Analysis Officers

261 Engineering Survey Assistants

338 Engineering Survey Drafters

562 Senior Micro-electronic Maintenance Technicians

315 Corputer and Digital Equipment Installation Technicians
092 Electronic Supervisors
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Recommendation 3

In reviewing their engineering courses, TAFE Authorities and
other education and training providers should closely examine
those occupational clusters in this study signalled as having a
higher proportion of unusual educational qualifications.

7.2 COMMON DUTIES

For the purpose of vocational curriculum design and delivery
there is much interest in identifying those duties that are
common to two or more cccupational groups, particularly in those
areas where small student numbers are involved.

The duty 1level job descriptions of the wajor clusters (Figure
6.16) and the intermediate and primary clu:ters (Figures 6.17,
6.18, 6.19 and 6.20) provide a visual impression of the degree
of commonality of each duty. It will be useful, however, to use
a specific measure of degree of commonality.

The degree of commonality of each duty in the inventory of 61
duties was determined by using a simple benchmark. If the duty
contributed over 2% to the job of the cluster overall, it was
regarded as a sufficient contribution to warrant prima facie
inclusion in any education or training program designed for the
members of that cluster. In addition, if this threshold level
of 2% contribution occurred in two or more clusters, it was
regarded as a duty common to those clusters.

Using this benchmark, the degree of commonality of each duty
among the 99 primary and 4 major clusters may be classified in
one of six levels as follows:

. level 1 = duties common to all four major clusters
. level 2 = duty common to three major clusters
level 3 = duty common to two major clusters
. level 4 = duty common in one major cluster
. level 5 = duty common to two or more primary clusters only
. level 6 = duty specialised in one primary cluster

Figure 7.1 1illustrates the first four levels of commonality
involving the four major clusters.

Applying the criteria fcr these six levels to the 61 duties in
the inventory, the following results were obtained:
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duties are at level

1
3 duties are at level 2
7 duties are at level 3

18 duties are at level 4

24 duties are at level 5
4 duties arz at level 6

. . \\ I
engineering ////// ~ - ~.
systems and < N

administration

level 4 level 4 AN civil engineering

. )//////and surveying

—.

level 4

' electrical and
drafting and . electronic
design S~ engineering

Figure 7.1 Venn diagram of duties ir ‘he four major clusters,
showing four levels of commuaality

Within each 1level, it 1is also possible to rank duties on the
level of commonality by measuring the amcunt of overlap in
percentage contribution to job. Thus all of the 61 duties have
been arranged in hierarchical order based on degree of
commonality. This hierarchical list is given in Table 7.2

When applying the information in Table 7.2 to the structure of
new courses, some care should be taken if curriculum modules are
designed to meet the needs of students in more than one branch
of engineering. For example, data collection and analysis in
civil engineering may require a somewhat different emphasis and
different approach to data collection and analysis in electrical
engineering. More detailed guidance 1is provided by the task
level job descriptions in Appendix E. The common duties list in
Table 7.2 provides only broad guidelines for the structure of
engineering courses for the engineering technical workforce.
Curriculum developers will need to refer to the more detailed
task level information in Appendix E.
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TABLE 7.2 HIERARCHICAL LIST OF DUTIES SHOWING ‘fHE DEGREE OF COMMONALITY

MAJOR CLUSTERS IN WHICH MAJOR CLUSTERS IN WHICH
DUTY IS MAINLY PERFORMED DUTY IS MAINLY PERFORMED
DUTY 74 82« 68%* 34 puUTY 74% g2* 6% 34
1 S. Computer and digital c~ntrol e muip. x
. DUTIES COMMON TO ALL FOUR MAJOR CIMSTERS:
AC. Electric. power generation,transmi. x
BG. Structural design and computations X
C. Written communication x x x x g d P
AH. Metal fabrication, turning and
D. Oral communication x x x x
A casting X
B. General administration x x x X
. X * X b'e b'e
| R. Use of calcu}ators and compu*ers X 5. DUTIES_COMMON TO TWO OR MORE _PRIMARY CLUSTERS ONLY:
i H. Staff supervision x x x x 1 MHON_TO
!
' ! J. Quality assurance, yuality control x
i . _COMMON TO THREE MAJOR CLUSTERS: |
1 2. DUILES AP. Tooling and equipment X
! . AM. Construction x
| W Engineering drawing and graphics X X x BK. Cartograph x
| X. Design drafting x x x N. Sazety PhYy «
¢ oAl
G. X . .
! Data collection and analysis X x AL. Advisory and specialist services X
| 3 BM. Survey investigation and searching x
- DUTIES COMMON TO TWQ MAJOR CLUSTERS:
3 AK. Building services x
T. Computin tems
M. Maintenance x x P 9 8ys X
. AB. Power generation, energy transfer x
-, E. Finance and estimating x X
W iy, Engineering survey drafting x X AT. Fluid power x
= i : . AX. Power transormers, circuit breakers X
K. Quality testing and measuring X x X
i AY. Electrical drives X
i A. Project planning and management x X
, BC. cCadastral surveying x
! P. Site inspection and investigation X x
i G. Staff development x X V. Computing software ¥
; ‘ P 2. cadastral survey drafting x
! AG. Process plant engineecring X
1 .
4. DUTIES COMMON IN ONE MAJ LUSTER: ;
f oR € BH. Still and movie photography x
! U. Digital 4 computing hard x L. Materials testing x
. BB. Engineer:: sztse 1ng ardware « AE. Farth moving and mining x
' BE. Sugve . ‘gutatioﬁs 9 . AF. Motorised transport systems x
- Survey comp . AQ. Materials handling X
BF. Civil design and computations x AS. Work study N
. x :
AU Electrisal instruments and sensors AR. Production engineering x
F. Purchasing X
AV. Power electronic devices X 6. s SP ED IN ONE MARY CLUSTER:
BA. Other electronic devices x
. X
22 gzzz:ati? c:n;rzl :istem x AJ. Wood, paper, plastics and packaging x
Aw. £l trinli a : c:. ;nd i X AN. Biotechnology and ergonomics x
! ‘ ectrical r.rotectlo evices BD Hydrograohic surveying and drawing x
BL. Air photo and map interpretation x BJ. Town planning X
AZ. Electronic communication X
BH. Hydrology and hyraulics x
Q@ NOTE: (Clust2r 74 = Englneering syvstems and administrasion Cluster 68 = prafting and des:ign
JIEIQJ!:‘ Clustar 82 = Civil engineering and surveying Cluster 34 = Electrical and e.ectroric 2ngineering
e o
roe oot enc) ]_z&’Y




These results indicate that common or core curriculum units or
modules could, subject to the above qualification, be developed
for a range of occupational groups. Th2> emergence of
multi-discipline occupational clusters, as discussed in Section
7.3, should also provide an impetus to development of such
curriculum units or modules. A further factor is the economic
one, In areas where low student numbers are likely, common or
core curriculum units provide a basis for obtaining larger
classes.

Recommendation 4

That commor. or core curriculum modules be developed in those
areas judged, on the basis of the results of this study and
other information, to be sufficiently common to two or more
engineering occupational groups.

7.3 LEVELS WITHIN THE ENGINEERING TECHNICAL WORKFORCE

While there is wide agreement in the literature on the existence
of two 1levels within the engineering technical workforce, very
little empirical evidence has been obtained to support this
notion (see Section 3.2).

It 1is generally agreed that the educational qualifications
required for associate 1level is completion of an engineering
certificate or associate diploma. The education required for
the technician 1level is less widely agreed, but is usually said
to be cither:

. completion of a trade course plus on-the-job train’ng after
completion of a trade;

. completion of a technician course;

. completion of a post-trade course specially designed for
technician needs;

. partial completion of a certificate course and, possibly,
on-the-job training.

Thus education provides a convenient method of dividing
associate 1level from technician level, and many authors use the
following benchmark:

. completion of an engineering certificate or equivalent
qualification equals associate level;

. any ‘'lower' education qualification equals technician level
or lower,
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In this study evidence for the existence of two levels was
sought by testing for any relationship between:

- 2ducational qualification and perceived 'task level';:
- educational qualification and range or number of tasks
performed.

Educational qualification was reduced to the one simple
statistic of whether each respondent had completed an
engineering certificate or higher.

Perceived task level was measured by obtaining the average level
rating of each task by a panel of experts who were familiar with
associate level and technician level occupations. Details on
how this was calculated are given in Section 4.3.

Number of tasks was measured by counting the number of tasks
performed out of the inventory of 621 tasks.

The average values of these three variables were determined for
each of the 99 primary clusters, and then correlation analysis
was performed on the sample of 99 primary clusters.

A statistically significant correlation of 0.41 was found
between average educational level and average task level of the
clusters. Also a statistically significant correlation of 0.22
was found between average educational level and average number
of tasks performed by the clusters. ocatter plots of these two
relationships are given in Figures B-1 and B-2 in Appendix B.

The statistically significant correlation between average
educational level and average task level of clusters confirms a
relationship between educational 1level and occupational level.
Occupational clusters that were perceived to be generally
undertaking tasks at the higher of two levels tended to consist
of members having higher educational qualifications (measured by
the percentage completing an engineering certificate or
higher). Occupational clusters that were perceived to be
generally undertaking tasks at the lower of two levels tended to
consist of members having lower education qualifications
(completion of trade, trade technician, post-trade, part
certificate, or other course).

Also the statistically significant correlation between average
educaticnal level and average number of tasks performed confirms
a relationship between educational level and number and breadth
of tasks performed. Occupational clusters that undertook a
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large number of tasks tended to consist of members having a
higher educational 1level. Occupational clusters that undertook
a small number of tasks tended to consist of members having a
lower educational level.

These results 1lend support to the notion of twe, rather than
one, occupational levels within the engineering technical
workforce in Australia. The results also indicate the nature of
these two levels, and agree with the key findings of other
studies (as discussed in Sections 3.2 and 3.3) that:

. workers in occupations within the higher of the two levels
generally undertake a broader range of tasks while workers
in the 1lower of the two occupational levels generally
undertake a narrower range of tasks;

. workers in occupations within the higher of the two levels
generally have completed an engineering cerficate course or
higher educational qualifications, while workers in the
lower of the two occupational 1levels generally have
completed other education and training, such as completion
of a trade, trade technician, post-trade, part certificate
or other course.

Table B-4 in Appendix B gives the distribution of highest
engineering educational attainments for the whole sample. It is
notable that of the 405 respondents who had technician level
qualificaticns or lower, the largest group had partly completed,
but were continuing, a certificate or associate diploma course,
represented by 179 respondents (that 1is, 44% of the 405
technician 1level respondents). The second largest group was
those that had partly completed, but not continued, a
cer’.ificate or associate diploma course, represented by 67
respondents (17%). Relatively few had completed post-trade,
trade or trade technician courses.

This situation is of concern to some writers, who suggest that
partly completed certificate or associate diploma courses may
not provide an appropriate education for engineering technician
occupations, as these courses are primarily designed around the
needs of engineering associate occupations (see Section 3.3).
This issue 1is likely Lo increase in significance in the future,
as many writers have predicted an increase in the numbers
employed 1in engineering technician occupations (see Section
3.4).




Recommendation 5

That TAFE Authorities and other education and training providers
recognise the existence of two engineering occupational levels
between trade and professional level, and that these be termed:

. engineering technician level,
. engineering associate level.

Further, that education and training programs be provided for

occupational groups within each level, appropriate to their
particular needs.

Despite these findings, other results in the study indicate
chere 1is 'blurring' of boundaries between occupational levels.
For example, each of the 99 occupational clusters identified in
this study consist d of engineering technical workers performing
quite similar t= s, yet most of the clusters consisted of
members having varying educational qualifications (see Tables
6.4, 6.5, 6.6, and 6.7). On the other hand when the sample is
divided into two groups by education, namely:

. those having associate level qualifications or higher,
. those having technician level qualifications or lower

members of both levels often appear in the same occupational
cluster and perform similar tasks.

To 1identify the clusters that showed evidence of blurring across
the technician-associate boundary, a simple algorithm was
designed to combine the three variables of:

. highest education (percentage completing certificate),
. task level index,
. number of tasks,

and then categorise the averace level of each primary cluster as
either associate, blurred, or technician.

Highest education is regarded by most authors as the critical
variable in determining engineering occupational 1level (see
Section 3.3), so the algorithm is based on the assumption that
66% of the whole sample are employed in associate 1level
occupations and 34% are employed in technician level
occupations, as 66% of the whole sample have completed a
certificate course in engineering or higher. The three




pertinent variables were then dichotomised using the 34th
percentile of each variable as follows:

. highest education - over 50% of cluster = high,

equal or under 50% of cluster = low;
. task level index - over 59 = high, equal or under 59 = low;
. number of tasks - over 50 = high, equal or under 50 = low.

Using these three dichotomised variables, the three cacegories
of average 1level of cluster were determined using the algorithm
in Table B-7 in Appendix B. It is important to note that this
algorithm gives more weight to the education variable than the
other two variables.

TABLE 7.3 FREQUENCY CROSS-TABULATION OF THE 99 PRIMARY
CLUSTERS, AT EACH LEVEL BY MEMBERSHIP OF MAJOR
CLUSTER

AVERAGE LEVEL

MAJOR CLUSTER OF MEMBERSHIP |associate blurred technician | TOTAL

Engineering systems and

administration 38 4 2 44
Civil engineering/surveying 18 2 1 21
Drafting & design 3 7 3 13
Electrical & electronic

engineering 7 7 4 18
Outliers 1 - 2 3
TOTAL: 67 20 12 99

The average 1level of each cluster is given in Tables 6.4, 6.5,
6.6 and 6.7 in the third 1last column. A summary of these
results for the 99 primary clusters is given in Table 7.3. The
table indicates that as many as 20 of the 99 primary clusters
appeared to be blurred across the technician-associate boundary.




This type of blurring mostly occurs in the major cluster
drafting and design and the major cluster electrical and
electronic engineering.

This blurring appears to occur at all boundaries between
occupational levels in engineering, though the
associate-professional boundary and the technician~-grade
boundary were not closely examined in this study. For example,
a small number of respondents (1.7%) indicated they had
completed a university degree 1in engineering, vyet classed
themselves as a member of the engineering technical workforce by
answering 'yes' to the first question.

The blurring across the technician-associate boundary indicates
that members of these occupational clusters may require a
combination of associate level and technical level education,
where separate educational programs are offered for each level.

Recommendation 6

In cases where separate educational orograms are designed for
each of the two engineering technical workforce levels, that
appropriate combinations of both programs be available for those
within occupational clusters requiring skills across both
levels.

7.4. MULTI-DISCIPLINE CLUSTERS

It is apparent from the duty 1level and task 1level job
descriptions that a significant number of primary clusters
undertake many duties and tasks in more than one of the
following three specialised engineering areas:

. mechanical/manufacturing;
. electrical/electronic;
. civil engineering/surveying.

Such clusters are termed multi-discipline clusters in this
study, but other terms such as multi-skilling are used in the
literature for individuals or occupational clusters whose work
involves tasks, to a significant extent, in more than one
discipline or area as 1listed above. In Figure 1.2 on page 5
'cluster B' provides a simple illustration of a multi-discipline
cluster.
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Some writers have suggested that there is a trend in Australia
and elsewhere towards an increase in this type of work, and
suggest that a major influence 1is the introduction of new
technology. The trend towards multi-discipline clusters is
somnetimes referred to as 'blurring' (Ford, 1986).

In this study it was decided tc have a closer look at such
clusters, and the following criterion was used to define (and
thus identify) such multi-discipline clusters for the purpose of
this closer study:

multi-discipline clusters are those that have an
average percentage contribution over the whole cluster
of more than 6% 1in more than one specialised area as
specified in this study.

The value of 6% was chosen because it was significantly above
the average percentage con:ribution in the second ranking

specialised area of the primary cluster.

TABLE 7.4 LIST OF MULTI-DISCIPLINE CLUSTERS

SPECIALISED AREAS CONTBIBUTING

SOHBER CLUSTER TITLE Hanutacturing  Electron Sl e/
240 Planners of new electricity supply LR *
671 Electrical engineering estimators A *
305 Building services designers LR *

664 Mechanical design drafters LL]
657 Design drafters (computerised) b
299 Senior hydrology technical officers * A A
609 Electronic engineering supervisors
277 Senior production and engineering

quality controllers bl *
349 General test technicians/officers LR L]
135 Cartographic survey supervisors * *
526 Senior electric supply controllers bk b
548 Electric supply controllers * b
76 Electro-mechanical engineering officers L] * R
234 Electro-mechanical control system designers Lh] LL]
259 Production engineering officers * *
763 Civil engineering site supervisors * Lh
704 Civil engineering site officers * o
246 Survey computation officers * A
445 Structural designers and drafters ol o
471 Civil and structural designers and drafters b b
126 Senior structural analys:is and .‘esign officers A Lh
392 Structural design drafters * *
285 Mechanical designers * *
175 Electrical power generation supervisorc L hx
183 Equipment monitors and maintainers b A
545 Senior electronic maintenance technicians * kA
280 Electronic control system repair technicians * *k
181 Electronic technicians * *

215 Fluidic and electronic echnicians * & *

Q

ERIC

Aruitoxt provided by Eic:

*NOTE: * 1indicates 6 to 10v contribution to job over the whole cluster
** indicates more than 10% contribution to job over the whole cluster
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Using the 6% criterion, 29 of the 99 primary clusters were found
to be multi-disciplire clusters, and these are listed in Table
7.4. If a stricter 10% criterion is used, eiaght of the 29
clusters remain. These eight may be regarded as strongly
multi-disciplinary. They are:

. cluster 299 - senior hydrology technical officers

. cluster 576 - electro-mechanical engineering officers

. cluster 234 - electro-mechanical control system designers

. cluster 445 - structural designers and drafters

. cluster 471 - civil & structural analysis & design officers
. cluster 126 - senior structural analysis & design officers
. cluster 175 - electrical power generation supervisors

. cCluster 183 - equipment monitors & maintainers.

Table 7.4 indicates that the most comm.n combination of areas is
mechanical/manufacturing with electrical/electronic, this
combination occurring for 14 clusters. The mechanical/
manufacturing with civil engineering/surveying combinatica
occurred for 11 clusters. The electrical’electronic with civil
engineering/surveying occurred for 3 clusters. Only one cluster
(cluster 299: senior hydrology technical officers) involved a
significant combination of tasks in all three areas.

Another feature 1is the fact that these < lusters tend to be
concentrated in just one of the four major clusters, this being
the engineering systems and administration cluster. Of the 29
multi-discipline clusters, 19 were located in the major cluster
of engineering systems and administration.

The existence of these clusters and the likely trend towards an
increase in 'blurring' across discipline boundaries, (see
Section 3.4); have important implications for the design of
engineering technician and associate level courses. At present
courses are generally structured within one major area.
Students requiring skills in a combination of areas may be
required to complete a course in one area only and take
additicnal subjects in another area.

Two types of course could be designed to meet the needs of such
students. One type would be a course that is specially designed
to meet the needs of a particular multi-discipline cluster.
Another <ype would be a course made up of curriculum modules
from existing courses in two or more areas. The second type
assumes that the existing 'one-discipline' courses already have
a modular structure.

T
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The second solution appears to be the most practical because it
provides the maximum flexibility. A variety of multi-discipline
clusters, as well as one-discipline clusters, could be catered
for by different combinations of modules.

Three types of curriculum module could be designed to meet these
needs:

. common oOr core curriculum modules for those duties o. areas
that are common across a 1large number of clusters (see
Section 7.2). Completion of these modules would be
compulsory in any complete program;

. specialised curriculum modules designed for
single-discipline clusters. Such modules could be
elective, though some restrictions on which module
combinations are allowed could be applied;

. specialised curriculum modules designed for
multi-discipline clusters.

Each student could choose the :ombination of modules to suit
his/her vocational education needs. Programs for students
undertaking multi-discipline work would comprise all three of
the above types of curriculum module.

Recommendation 7

That educaticnal programs designed for the engineering technical
workforce be designed in a modular system to allow appropriate
choice of modules for:

. mono-discipline, or
. multi-discipline

occupations. Such  programs  should comprise appropriate
combinations of:

. common Or core curriculim modules;

. sgpecialised curriculum modules designed for single-
discipline clusters;

. specialised curriculum modules designed for multi-

discipline clusters.




Using a similar criterion of 'more than 6% contribution from the
area of specialisation', the remaining 70 mono-discipline
primary clusters may be placed into one of four categories as
follows:

. M = over 6% contribution from the mechanical/manufacturing
area;

. E = over 6% contribution from the electrical/electronic
area;

. € = over 6% contribution from the c¢ivil engineering/
surveying area;

. G = high general area contribution, with less than 6%

contribution in each of the three specialised areas.

Applying this method of classification, the 70 mono-discipline
clusiers were distributed as follows:

AREA NUMBER OF CILUSTERS
Mechanical/manufacturing 16
Electrical/electronic 18
Civil eng./surveying 25
General 11
TOTAL: 70

Using the variable of area of specialisation for the horizontal
axis and the variable of average cluster level for the vertical
axis, it 1is possible to place primary clusters in a two

TABLE 7.5 CROSS TABULATION OF THE 99 PRIMARY CLUSTERS BY LEVEL
AND MAIN AREA OF SPECIALISATION

— T - STt T e - T - o T e
! ! MAIL ARFA () OF SPECIALISATLON
[ f—mme o o - e e e . e e e e
i
LEVEL | General Mechanical/ Electrical/ Civil eng./
{averayge Cluster Manutacturing Electionic Surveying M+t E+C MeC MtE+C ! lal
jlevel) Lo M L ¢ .
’ —— e mm——— —_——- - — S i iy &
i .
;f\bsor Late 6 1 8 194 i 2 1" 1 ! 07
.
jslurred 3 2 <} by ¢ 1 1 O . K0
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dimensional space. However some of the multi-discipline
clusters are difficult to place in a two-dimensional space as
they cross more then- one boundary between engineering
disciplines. A simple version of such a two-dimensional space
is given in Figure 1.2 in Chapter 1. Table 7.5 shows the 99
primary clusters cross-tabulated by area of specialisation and
average cluster level. This table indicates +tbat there is
vertical blurring across all three areas of specialisation,
though it is most fregquent in the electrical/electronic area.
Also there is horizontal blurring for all three cluster levels.
Two primary clusters exhibited both horizontal and vertical
blurring.

7.5 FUTURE TRENDS

A number of writers (see Chapter 3) have referred to one or both
of the following trends in engineering occupations:

. an increase in the degree of 'blurring', with more
occupations requiring skills across two or more engineering
disciplines;

- an increase in the numbers required in technician level
occupations.

Often is it argued that such changes are caused, at least
partly, by technological changes in _ndustry.

This study has provided some evidence for:

. the existence of 'blurred' occupational clusters within the
engineering technical workforce;

- the existence of technjcian ievel occupational clusters in
all major disciplines of the engineering technical
workforce.

If these trends continue, the results of this study and similar
studies will steadily become out-of-date and therefore less
useful to TAFE and other education and training providers.

To address this problem, it is suggested that a study or studies
be undertaken of present and near future trends (that is, the
period from 1986 to about 1991), in engineering technical
workforce occupations. The study could look at all engineering
disciplines as in this study, or a number of separate studies
could be undertaken of each major engineering discipline. These
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studies could employ Dephi methodology. They should use the
results of this study as a starting point.

In addition, a future major study around the year 1990 could be
conducted of all engineering technical workforce occupations.
The study should employ a methodology similar to the present
study, and use the task inventery from the present study. Such
a study would provide valuable comparisons with the results of
the present study and thus indicate possible longer-term trends.

Reccommendation 8

That a study undertaken of present and near future trends in
engineering technical workforce occupations. using the results
of the present study as a starting point.

That, 1in addition, a future major study be undertaken of
engineering technical workforce occupations around the year
1990, the study using the task inventory from the present
study.

I
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APPENDIX A: FURTHER TABLES FROM THE LITERATURE

ITEM

Cross~tabulation of employees by engineering
technical workforce occupation and by State/
Territory, from the 1981 census.

Cross-tabulation of employers by engineering

technical workforce occupation and by industry,
from the 1981 censua.
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TABLE A-1

CROSS-TABULATION OF EMPLOYY_S BY ENGINEERING TECHNICAL WORKFORCE
OCCUPATION AND BY STATE/TERRITORY, FROM THE 1981 CENSUS

STATE  DRAFTSMEN  CIVIL ENG. BLECTRICAL/ MECHANICAL MINING  EWG. TOTAL ¢ Or ALL
7 TRACERS  TECHN. ELECTRONIC T.  ENG. TECHN. TECHN. TECHN. NEC. ENG. TECHN.
N.S.W. 11602 27388 6364 1542 282 2304 24882 36.5
VIC. 8435 2051 5081 1291 25 2038 18921 27.8
QLD. 4706 1171 1783 205 128 522 8515 12.5
S.A. 2728 732 1370 469 49 622 5970 8.3
W.A. 3872 818 96 167 113 192 60638 8.9
TAS. 807 191 309 53 36 176 1566 2.3
A.C.T. 729 224 340 75 7 114 1489 2.2
N.T. 337 98 175 17 12 41 680 1.0
TOTAL: 33218 571 16118 3819 653 6213 68092 100.0

SOURCE: AUSTRALIAN BUREAU OF STATISTICS (1983). 1981 CENSUS OF POPULATION AND HOUSING, TABLE 74.

NOTE: 1.

ERIC

Aruitoxt provided by Eic:

. Component percentages may total slightly more or less than 100 because of rounding of

Each cell in this table has been slightly randomiy adjusted by ABS to avoid the
release of confidential data. Totals may be slightly more or less than the sum of
their components.

component percentages.
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Aruitoxt provided by Eic:

TABLE A-2

DRAFTSMEN CIVIL ENG.

ELECTPRIC

AL/ MECHANICAL MINING

CROSS~TABULATION OF EMPLOYEES BY ENGINEERING TECHNICAI, WORKFORCE
OCCUPATION AND BY INDUSTRY, FROM THE 1981 CENSUS

ENG.

& OF ALL

& TRACERS ‘TECHN. ELECTRONIC T. ENG. TECHN. PECHN. TCCHN, NEC . TOTALS ENG. TECHN.
A. Agraculture, forestry, fishing,
hunting 178 27 3 3 1 8 220 0.3
B. Mining 884 197 39 41 465 231 1857 2.7
C. Manufacturing 6360 237 1682 1993 58 2876 13206 19.4
D. Electraicity, gas, water 3670 800 2543 158 - 384 7555 11.1
E. Construction 2991 1630 241 84 7 188 5141 7.6
F. Wholesale or retail trade
{(1nciuding 1nstallation and
repair of egquipment) ool 71 344 110 L4 278 1477 2.2
G. Transport or storage 688 240 808 355 3 319 2413 3.5
H. Commulnication 1416 172 7963 39 - 153 9743 14.0
I. Public accountant, finance,
property and business services 10949 2668 201 200 36 245 14299 21.0
Jil. Putlic administration 3879 1613 378 190 17 475 6552 9.6
J2. Defence 161 45 oll 313 2 466 1898 2.8
K. Community services (including
healtn, education and research
services) 440 271 933 284 50 462 2440 3.6
L. Recreation, personal and other
vervices (1ncluding sport and
entertainment) 117 23 28Y 7 2 14 482 0.7
Ml. Non-classifiable 369 55 vd 36 - 55 579 0.9
MZ. (ndustry not stated 156 27 27 6 3 25 244 U.d
TOTALS: 33218 8071 16118 3819 693 6213 68092 100.0
SOURCE: AUSTRALIAN BUREAU OF STATISTICS (1983). 98) CENSUS O ULATION AN OUSING BLE 7

NOTE: 1. Each
release of

2. Component percentages may total slightly more or less than 100 because of rounding of
component percentages.

cell

in this

table

confidential
their components.

has
data.

been

slightly randomly adjusted by ABS to avoid the
Totals may be slightly more or less than the sum of




APPENDIX B: FURTHER TABLES C™ RESULTS

FIGURE
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Frequency cross-tabulation of job titles by
fields of engineering for the sample

Frequency cross-tabulation of all engineering
educational attainments by type of course and
type of attainment

Frequency cross-tabulation of most recent
engineering education attainment by tyve of
course and type of attainment

Frequency distribution of whole sample on
hithest education hierarchy

Frequency cross-tabulations of the whole sample
by industry category and field of engineering of
the respondent

Frequency distribution of highese education
hierarchy for the four major clusters

Algorithm for determination of average level of
cluster

Relative contribution of each area of
specialisation for clusters within engineering
systems and administration

Relative contribution of each area of
specialisation tor clusters within civil
engineering and surveying

Relative contribution of each area of
specialisation for clusters within and near
drafting and design

Relative contribution of each area of
specialisation for clusters within and near
electrical and electronic engineering

Scatter plot of the primary clusters on education
level and task level index

Scatter plot of the primary clusters on ecducation
level and number of tasks
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(5) ‘ (4%) | 12%): qu] £1%) , {1ve) (i%) (4¢) . (2%%) (1lw) (7%) * (0% (7%, (1L0%,
i ! i i . .
Electrical engineering 20 0 4 - 7 - 52 1 4 3 1y 4 5 2 18 s 12 155
(13%) ! (3%) + (5%), (34%) (3¢) (2%¢) (12%) (3%) (3%) (1%¢) (1le) + (3%) (8%), (100%)
1 1
{ !
Mechanical engineering 25 4 g 7 . 40 9 5 50 2 4 il 16 ! 10 21 | 204
("2%) ‘ (2%) ! (3%) ¢ (20%) (4%) (2%) (25%) (1%) (2%) (5%) (8¢) i (5%) ‘ (10%) ! (100%)
| i i :
Production engineering 1 | 1, a4 1 0 0 0 2 1 a3 o3 o5 s
(4%) i (4%) (4%)3 (17%) (4%) (0%) (0%) (C%) (9%) (4%) (17¢) | (13%) , (22%) ‘ (1008)
: i | i
Work study mechanical o 0 i 0 0 0 0 0 0 0 0 0 |1 . 1 | 2
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Hydraulogy o . 3 l 0 10 0 v 0 0 0 0 0 1 1 15
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Surveying 10 1 7 26 | 10 5 3 2 6 1 5 1 15 82
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Mining engineering 0 o 1 ¢ 0 0 0 4 0 0 1 1 0 2 1¢
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1
Automotive engineering 14 ' 0 0 4 2 L0 0 0 2 2 3 1 2 30
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Marine engineering 0 b0 0 3 0 1 1 0 1 1 2 1 0 9
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Aeronautical engineering 3 i 2 0 7 0 0 0 0 0 ] 3 0 6 21
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whole cample 82 38 87 ‘334 61 29 175 18 88 27 112 48 118 1217
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Qo it NOTES: 1. There were 1217 non-blank responses and 13 blank responses to Question 4. AN &
EMC 2. The percentages shown are row percentages.
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TABLE B-2 FREQUENCY CROSS-TABULATION OF ALL ENGINEERING

EDUCATIONAL ATTAINMENTS BY TYPE OF COURSE AND
TYPE OF ATTAINMENT
TYPE OF ATTAINMENT
Currently | Commenced
in but not
TYPE OF COURSE progress | continued {Completed|TOTAL
trade technicel or technician 351
course &t technical co: lege 15 14 322 (19%)
post-trade course at 135
techanical college 13 24 98 (7%)
certificate course at 654
technical college 133 52 469 (35%)
post or higher certificate 79
course at technical college 6 15 58 (4%)
associate diploma course 61%
technical college 11 13 37 (3%)
certificate course at 147
college of advanced educ. 39 8 100 (8%)
associate diploma course at
college of advanced educ. 134
or institute of technology 45 22 67 (7%)
degree or diploma course at
college of advanced educ. or 128
institute of technology 32 59 37 (7%)
degree course at university 9 32 20 61
(3%)
1
Other course o 5 53 ' ?a )
Se
TOTAL: 313 244 1291 BLIE
(17%) (13%) (70%) | (100%)
! R

NOTRS: 1. As multiple responses were allowed n = 1848 is larger than the sample
size of 1230
2. Of the 1230 respondents, 55 gave no response, 500 gave one response,
354 zave two responses, and 160 gave three or more responses to Question
9 on engineering educational attainments.
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TABLE B-3 FREQUENCY CROSS-TABULATION OF MOST RECENT
ENGINEERING EDUCATION ATTAINMENT BY TVYPFE
OF COURSE AND TYPE OF ATTAINMENT

TYPE CF ATTAINMENT
Currently| Commenced
in but not
TYPE OF COURSE progress |continued |{Completed | TOTAL
trade technical or techani-
cian course at technicce. 90
college 10 9 71 (8%)
post-trade course at 59
technical college 7 14 38 (5%)
certificate course at 465
technical college 89 36 340 (43%)
i
post or higher certificate ! | 54
course at technical college 4 i 7 43 (5%)
associate diploma course i 45
technical college 8 ' 8 29 (4%)
i
!
certificate course at i 109
college of advanced educ. 26 i 5 78 (10%)
I
| .
associate diploma course : X
at college of advanced | i
educ. or institute of i ] 91
technology 28 i 14 ; 53 ; (8%)
! '
H
degree or diploma course ’ i i
at college of advanced ; ;
educ. or institute of { { 68
technology 14 27 P27 (6%)
i
degree course at ; 26
university 7 8 [ § | (2%)
Other course 5 3 54 62
(6%)
TOTAL: 198 131 744 1073
(18%) (12%) l(sgt) lfloo%)

NOTES: 1. Responses were counted if both the attainment and the last year of study
were indicated.

2, Of the sample of 1230 respondents, 157 left either the attainment or the

last year of study (or both) blank. There wer: 1073 complet. responses.

711
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TABLE B-4 FREQUENCY DISTRIBUTION OF WHOLE SAMPLE ON
HIGHEST EDUCATION HIERARCHY

NEW OLD
HIERARCHICAL CODES
'"HIGHEST EDUCATION' HIERARCHY CODE (Question 9) FREQUENCY
part "othert
(currently in progress) A 28 1
part "other" )
(commenced but not continued) B 29 1
complete "other C 30 34
art trade |
%currently in progress) D 01 6
part trade )
(commenced but not continued) E 02 7
complete trade F 03 56
art post-trade
%currently in p_ogress) G 04 7
part post-trade )
(commenced but not continued) H 05 11
complete pcst-trade I 06 36
gart certificate/associate
iploma )
(currently in progress) J 07 13 16 19 17¢
gart certificate/associate
iploma .
(commenced hbut not continued) K 08 14 17 20 67
complete certificate/associat
diploma L 09 15 18 21 517
part post/higher certificate
(currently in progress) M 10 6
art post/higher certifijicate
%commenced but not continued) N 11 13
complete gost/higher
certificate 0 12 48
art degree/diploma
currently in progress) P 22 25 39
part degreeédiploma )
(commenced but not continued) Q 23 26 90
complete degree/diploma R 24 27 57
lower than complete certifi
cate (A to K) X 405
complete certificate or
higher (L to R) Y 770
TOTAL: 1175

NOTE: Of the sample of 1230 respondents there were 55 blank and 1175 non-blank responses
to Question 9 on engineering educational attainments,

}!'4 "~
LY
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TABLE B-5 FREQUENCY CROSS~TABULATION OF THE WHOLE SAMPLE BY INDUSTRY CATEGORY AND FIELD OF

ENGINEERING OF THE RESPONDELI™T ° g 5
I “~ o~ .- (.({) - ()"\k o
9 05 elalu it on
| 5 c Coala50 8|0 | 2
o foe o Loes | QNE | 3= O EI]
: [~ -~ [ ~ O 1% N QO B0 W ~ QLM QU ALV -~ O e}
1] Il o (o] [o Ro] e} ~4 o RTI"] + 0 U ~n ML QU] e U ot
9] 191 & - L + [SRY A [1+] i o |0l M 20 12
3 o~ 3 ~ QO - D M o T (ST o1 9] e OMECM|LM I W 131
- N & (RS l &) ~ o y (43 AR ) - PAQC [ AVA Y S B [7] as
— D [¢] ~ @ ’ 3 L] O« ~ MR %] @ ATAD LT P L B T D w
SPYE R o L] 3 N 0~ 2. O o 00 30l U A [¢] C3 UL CFOD M A0
R bt - R R S B O B ot b B B -7 ERo R R IS A I
spoc) g g L. ! g 94 0 , E Jasox SE o c3a | vo crs E’woé LS K
FIELD OF ENGINEERING RG22 £ 28,8 (g% &% 0 8 RISHASR 3 |88 |esa5i86 34 22 £
Electronic engineering o !5 4 20 | 4 19 9 ' 93 |0 2 37 8 1 1 21 1 164
GRS ! (3800 (2%) T(118)[(2%) 1 (108)  (S%) (2u%) {(0%) ! (1) [(20%) |(43) (L) | (3e) | (11%) § (15%)
[} : ] {
i 0
Electrical engineering o | 4 ' 16 64 ‘19 s | 12 6 0 2 5 1 0 12 10 156
(C¥) | (3%) (10%):(41%) (12%) (3%) | (8%, H4%) (0%) | (1%) (38) ;(1%) (0%) | (&1 (6%) | (13%)
! . ] 5 !
Mechanical engineering . 8 v 7 - 45 ‘ 32,17 6 8 3 10 2 19 6 0 22 25 200
AELY i (4%)i(23%):(16%).(9%) (38) (4%) %(2%);(0%) (12) (10%) {(3%) (0%) J(11%) ] (13%) 4 (16%)
Production engineering Fo2 2 v g 2 10 0 1 | fo 0 3 0 0 0 2 f 23
(9%¢) t (9%)' (43%); (9%) '(0%) | (0%) ~ (4%) ~ (4%) [ (0%) (0%) {(13%) (0%) (0%) ! (C¢) (9%) ' (2%)
' : ! ‘ i . i .
work study mechanical 0 . o ! ¢ 1 0 | o .0 O 0 1 0 0 0 0 2
engineéring L 0%) . (0%)  (0%) (0%) '(508%) (0%); (0%) ' (0%) [ (0%) (0%) l(S0%) | (0%) }(0%) (0%) | (0%) (0%)
! ) I
— Structural engineering 1 ;0 v 4 0 37 1 ! 2 .2 0 1 2 2 0 25 2 77
fo)) (le) |« (0%): (S%) (0%) "(48%)](1%) , (2¢) (3%) '(0%) (13) | (3%) | (3%) [(0e) [(30%) (38) | (b%)
= ) ' !
Materials testing o ., 0 " 0 4 17 0 2 0 .0 0 1 1 0 b s 32
(0%) ; 10%)1 (0%) '(13%) ;(538%) (0%)i (6%) i (0%) {(0%) (08) | (3%} | (3%) {(0%) (9¢) ; (13%) (3%)
‘ i ! : ; .
Civil engineering o2 Vo2 vo0 34 ; 80 0 { 11 ' 0 32 0 18 5 3 47 264
(1%) i (1%)i (0%) .(12%) {(30%) ' (0%) i (1%) | (U8) {(08) [(12%) | (0%) } (7%) [(v¥) (14%) | (lse) d (.2¢)
' | | ‘ ‘ '
Hydraulogy 0 L 0 | 0 {5 | o 0 | 0 0 0 0 0 4 0 0 6 15
L (0%) | (0%) (0%) 1(33¢) | (0%) | (0%) + (0%) i (0%) {(0%) (0%) | (0%) (27%) | (0%) (0%) | (408%) (1%)
! ' i i |
Surveying o "6 0o '10 ‘18 fo | 110 11 7 0o 1 20 |6 30 81
S0 (7Y (0%);(12%)‘(22%) (0%) . (1% l(un,%(lz) (9%) | (ur) | (2¢) [(0%) (7¢, 7 (27%) (7%)
i i , |
Mining engineer1ng 0 g + 0 .1 0 0 0 o o 0 0 { 0 0 1 o | 10
(0%) }(80%)| (0%) j(10%) | (0%) |(0%) (0¢) | (0%) |(0%) (0%) | (0%) | (0%) [(0%) [(10%) (0%) (1%)
i i H !
Automotive engineering b2 2 g | 2 o |2 2 1o lo 1 3 2| o0 0 6 30
F(79) (7¢) { (27%) !(7%) (0%) [(7%) (7¢%) | (0%) |(0%) (3%) K10%) | (7%) | (0%) | (0%) j(20%) (2%)
' | i
Marine engineering Fo 0 i1 0 0 0 0 0 1 2 0 0 1 3 i 9
!(0%) (0%) | (11%) Fll%) (0%) {(0%) (08) | (0%) [(0%) [(11%) §228%) | (0%) | (0%) {(11%) {(33¢) '| (1%)
Aeronautical engineering 'E 0 0 0 10 0 1 7 0 0 2 5 1 0 0 5 21
(0%) (0%) | (0%) | (0%) | (0%) {(58) | (33¢) 1(0%) |(0%) |(10%) ¥24%) | (5¢) | (0%) | (O%) ] (24%), (2%)
—— o P T —— .. - - s ehon mmmmm arpmsan covms ok mie—w g o —eee pu— - - . b - - — s
whole sample 22 38 90 197 P03 37 59 73 1 54 88 51 2 115 180 216
(2¢) (3%) (8%) [(16%) [(L7%) [(3%) (5%) (6%) I(0%) (4%) (7%) (4%) (0%) (9¢) {(15%) ] (100%)
y NOTES 1. For the sample of 1230 respondents, there were 1216 no. blank responses and 14
IE T(:~ 9 by blank responses to Question 13. j NVE:
i 40 2. The percentages shown on yrow percentages. o




TABLE B-6 FREQUENCY DISTRIBUTION OF HIGHEST EDUCATION HIERARCHY
FOR THE FOUR MAJOR CLUSTERS
KREw MAJOF CLUSTER
HIEFRARCHICAI - T -

“hIGEESLT EDLCATICN' HIERARCHY CODE 74 82 68 34
Engirneering Civil drafting electracal
systems and enjineering and and electronic

adminictrative and surveying design eng.neering

part "other” 0 ¥ 0 1

{(currently 1in progress) h 0% 0t 0% .60%

part "other" 0 1 0 C

{cormenced but not continued) L 0% .3% 423 0%

complete "other" C 1 6 0 7

4.6% 2.0% 0g 3.8%

part trade 1 0 0 2

{currently in progress) £ .20% Ot 0% 1.10%

part trade 1 2 0 2

{commenced tut not continued) E .20% .70% 0% 1.10%

comziete trade ' F 29 1 3 11

| 7.0% .30% 2.50% 6.00°

Fart post-trage 1 0 0

{currently 1ir progress) G .20% 0t | 0t 1.10%

part post-~trade 4 0 2 3

{cormenced but -0t continued) b 1.0%¢ 0% 1.7C¢ 1.60%

compiete post-trade I 20 4] 1 €

4.80% 0% .80% 3.30%
part certificate/associate

éiploma 38 32 22 44

(currently 1n progress) J 9.20% 10.50% 18.20¢ 24.00%

part certificate/zssociate

diploma 21 16 & i4

{cormenced but nout continued) K 5.1C¢% 5.20¢ ' €.60% 7.70%

complete certificate/acssociate 172 163 ; €7 H

diploma L 41.70% 53.3C% i 55.40% 33.30¢%

part post/Ligher certificate 1 2 | z 1

(currently in progress) M .20% .70% i 1.70% .60%

l

part post/higher certif cate 7 3 ! 2 1

{(commenced but not cont.nued) N 1.70% 1.0% i 1.70% .60¢

complete post/higher 28 5 | 2

certificate i c 6.60¢% 1.60¢ ! 1.70¢ 5.50%

part decree/diploma 14 18 : 4 2

{currently in progrecs) b3 3.40% 5.90¢% ! 3.30% 1.10%

1
!

part degree/diplona 25 38 i 8 14

{(commenced but not continued) < 6.10% 12.40% . 6.60% 7.70%

complete degree,/diploma i R ! v 19 I 0 2

i 7.80% 6.20% ! 0t 1.10%
e e — e

lower than complete certific- b i 124 € i 36 92

ate (A tc K) ' (32%) (19%) i (30%; {50%,

complete certificzete or higher 279 248 f 85 92

(L to R) ! Y (66%; (81%, : (7C%) {S0e,

TOTAL: 413 I 306 3 121 162

(160%) | (100%) {100%) (1C0%;

NCTE: For cluster 74 there were 27 blank rcsponses, for cluster 82 there werc 12 btiank resgponsec, for
cluster 68 there were 2 bLlank responses, and for cluster 34 there wecre 5 blank responses to
Question 9 on education.
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TABLE B-7 ALGORITHM FOR DETERMINATION OF AVERAGE LEVEL

OF CLUSTER

E

i VARIABLE

I !

Highest Task level Number of AVERAGE

jeducation index tasks ‘ LEVEL OF

j CLUSTER

!

!high high high , associate

ihigh high low ' associate

! |

thigh low high associate !

high low low ‘ blurred :
‘ |

low nigh high blurred ;

low high low technician

!low low high technician ?

|Low lew low : technician ,

NOTES: 1. For highest education, high indicates over 50%

of cluster have completed a certificate course
in engineering or higher qualifications. Low
indicates 50% or less.

2. For task level index, high indicates an average
task level index for the cluster of over 59. Low
indicates 59 or less.

3. For number of tasks, high indicates an average
number of tasks performed by the cluster of
over 50. Low indicates 50 or less.
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TABLE B-8 RELATIVE CONTRIBUTION OF EACH AREA OF SPECIALISATION
FOR CLUSTERS WITHIN ENGINEERING SYSTEMS AND ADMINISTRATION

PERCENTAGE CONTRIBUTION TO JOB OF EACH
AREA OF SPECIALISATION
Mechanicai/ Electricai, Civil Lng,
CLUSTLH General ranufacturing eiectronic ,SUIVESLING
NUMBER TITLE OF CLUSTER G M E C
230 LNGINEERING OFFICE ADMINISTRATION &
DRAFTING 81.8 8.8 4.9 4.4
S12 LNGINLLRING CONTKOL 83.4 6.0 7.8 2.8
173 FRODUCTION CONTRUL 55.0 l6.6 26.0 2.4
137 ELECTRICAL PLANMNING 64.56 ) 30.7 2.1
269 ESTIMATION & QUALITY CONTROL 85.8 6.6 4.5 3.1
255 ENGINEERING DESIGN DRAFTING 77.3 11.4 5.4 5.9
439 SENIOR ENGINEERING SUPERVISION 85.¢% 6.4 4.5 3.6
146 MATERIALS TESTERS 83.2 9.4 4.3 3.0
.35 CONTRCL SYSTEMS 61.4 24.3 10.7 3.6
87 ENGINEERING ADMINISTRATORS 86.0 8.4 4.8 0.3
414 ESTIMATORS 85.56 4.6 4.4 .4
il QUALITY CONTROLLERS 86.7 8.2 4.7 G.4
393 DESIGN DRAFTERS 79.4 11.5 3.7 S.3 |
453 ENGINEERING SAFETY & MAINTENANCE
SUPERVISORS 85.2 6.8 .0 2.9
422 MICRO ELECTRONIC ANGTNEERING SUPERVISORS 74.5 2.8 22.3 0.3
347 CTHER LWCILEERING SUERVISCRS §8.7 6.5 4.3 0.5
172 INSPECTCRSG 80.0 9.4 4.9 .2
254 ELECTRICAL SUPPLY CONTROLLERS 48.3 8.4 42.2 1.1
571 ENG “NEERING ESTIMATORS 83.7 2.9 7.6 5.9
502 MECHANICAL & OTHER DESIGN DRAFTERS 78.8 12.6 3.5 S.1
51 OTHER DESIGN DRAFTERS 82.1 10.6 3.0 4.3
135 Llectrical desigrers 83.0 3.0 33.6 9.4
265 Electrical Contracts Sugervisors 6G.32 3.8 29.8 9.2
363 ' Eiectrical rguipment Dratters 63.7 2.8 32.2 1.3
24¢C Planners of new electricity supply 69.: .9 23.2 6.2
52 Bui1lding secrvices estimators 36.2 5.3 5.9 2.5
574 Construction Contract Estimztors £€6.9 5.9 1.7 5.5
671 tiectrical Engineering Est:imators 77.4 2.2 13.6 6.8
540 Civil tngineering Estimatocs 9C. 0 3.¢ 1.5 5.0
149 Conty.ction Site Supervisors 90.56 5.7 3.6 0.1
444 wuaiity Controi Special:ist 33.6 4.8 .9 9.7
457 Quality & Egquipment Monitors 86.C 9.1 4.5 0.4
305 Bui1iding Services Designers 77.9 11.9 6.7 3.5
448 Construction Design Drafters 80.7 9.2 4.2 5.8
664 Mechanical Design Drafters 72.8 16.2 4.5 6.5
616 Design Drafters (non-computerised) 85.5 7.9 3.4 3.3
657 Design Drafters icomputerised) 76.5 15.0 2.3 6.2
299 Senior Hydrology Technical Ctficers 64.1 8.5 10.6 16.9
469 Civil/Structural Engineering Supervisors §7.32 4.5 1.7 6.6
713 Transport & Civil Engineering
Supervisors 82.3 10.8 3.4 3.6
769 General Engineering Sugervisors 91.0 4.6 2.2 2.1
532 Engineering Survey/Magping Sugecvisors 87.0 2.4 1.2 9.4
569 £lectronic Engineering Superviscrs 82.3 6.9 2.9 0.9
596 {uality Supervisors 86.9 10.5 0.7 1.9
792 Microelectronic Technician Supervisors 78.9 2.6 18.C 0.6
310 Computer technician Supervisors 67.9 0.% 31.4 0.0
357 1rade Supervisors 9i.7 3.8 4.1 0.4
151 Senior Safety Officers 7..9 15.2 5.0 0.8
432 Survey Eagineerirg Superviscrs 83.1 s.8 0.2 ir.9
2717 Sen:5r Production & Enginee:.ng Quality
Controliers 82.5 10.4 0.9 6.2
632 Materials Test Technicians, Officers 85.7 9.6 0.1 4.6
703 Macerials Test Officers 88.1 7.6 1.7 2.5
249 General fest Technicians/Cfficers §4.4 7.2 8.4 0.C
132 Srte Inspectors/Testers 84.0 3.8 5.4 6.8
232 Insgpectors/Recordecs 78.4 12.7 4.6 T3
135 Cartcgtaphic Survey Sugerviscrs 60.3 6.6 3.7 9.3
526 Senjor Electric Suggply Contccllers 56.7 6.7 34.9 1.7
548 tiectric Supply Controliers 34.4 9.9 54.7 3.9
576 Elcctro-mechanical Engineering Officers 39.7 21.2 15.8 3.3
493 Mechanical Engineering Officers 68.3 26.8 3.4 1.4
234 Electro-Mechanical Control System Designerg ©62.2 21.2 11.8 1.8
267 Equirment Evaluation Officers 94.2 1.8 3.5 0.5
259 production Engineering C.ficers EERCR 6.2 9.6 0.4
190 work Study Officers 83.3 1.3 1.0 2.4
238 Aeronautical engineering technicians 81.8 17.8 0.5 ¢.0
* NOTES: 1. Cluster titles 1n capital letters are intermediate clusters. Ciuster titles 1n lower

cave letters are primarcy clusters.

2. pPercentages of over 6% in each of the three specialised areas M, E, and C are
underlined. if none of the three specialised areas contribute over 6%, the general area
percentage contributior is underlined.

\ 3. The main area(s) of specialistion for each cluster, :ndicated by the underiined
v percentage values, are shown in Taﬁf%i(“4, 6.5, 6.6 and 6.7.
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TABLE B-9 RELATIVE CONTRIBUTION OF EACH AREA OF SPECIALISATION

FOR CLUSTERS WITHIN CIVIL ENGINEERING AND SURVEYING

PERCENTAGE CONTRIBUTION TO JOB OF EACH
AREA OF SPECIALISATION
Generail Mechanical, Electrical, Civil Eng
CLUSTEXR marufacturing | electconic /surveying
NUMBEK TITiLe OF CLUSTER G M £ (o}

197 CIVIL ENGINEERING 59.2 2.9 1.2 36.8
407 ENGINEERING ASSOCIATE SURVEY DRAFTING 53.9 1.6 0.5 44.0
429 CIVIL ENGINEERING SUPEZRVISION 66.8 5.2 2.4 25.6
196 CARTOGRAPHIC & SURVEY ANALYSIS 58.9 c.2 3.1 37.9
128 ENGINEERING TECHNICIAN SURVEY DRAFTLRS 52.3 .7 0.1 46.9
19§ STRUCTURAL ENGINEERING DESIGN AND DRAFTING 60.7 13.5 6.7 25.1
619 CIVIL DESIGN AND CRAFTING 50.4 1.9 0.2 47.5
560 CIVIL ENGINEERING OFFICE SUPERVISION 62.3 4.3 3.8 29.6
339 CIVIL ENGINEERING SITE SUPERVISION 73.5 6.7 0.2 19.6
249 CARTOCGRAPHY 61.0 c.2 1.4 37.4
635 Sen:or Encineering Survey Drafters 59.3 3.2 1.9 35.¢€
663 Civili Design and Crafting Officers 50.8 1.8 0.2 47.2
743 Water Storage/Dra.nage Design & Drafting

Cfficers 47.8 2.0 .0 50.2
612 Civil Design & Drafting Supervisors 58.8 1.7 0.6 38.9
605 C cvey Officers 56.9 0.3 0.9 41.9
674 Civii Engineering Office Supervisors 57.1 4.6 5.7 32.6
693 Senior Civil Engincering Office

Supervisors 69.0 4.6 1.3 25.1
763 Civil Engineering Site Sugervisors 75.0 6.3 0.1 i8.7
704 Civii Engireering Site Officers 71.6 7.2 0.6 20.6
52% tHydrclogical Anai;sis Officers 68.9 1.5 2.3 27.3
367 Civil Engireering Cfficers 70.5 4.6 0.7 24.3
568 | Cartograghic Survey Drafting Officers 57.7 G.0 0.C 42.3
676 Cartographic Computation Cfficers 64.3 6.5 2.4 32.9
246 Survey Computation Officers 54.3 0.0 6.7 39.1
445 Structural Designers and Crafters 64.7 13.0 0.4 21.9
471 Civil & Structural Des:grers & Drafters 46.4 10.3 0.0 42.8
261 Engineering Survey Assistants 69.1 4.3 1.4 25.3
194 Survey Assistants 39.8 0.1 0.1 50.0
488 Road Survey Drafters 63.2 0.0 0.5 36.3
606 Survey Computation & Drafting Technicians 58.0 0.0 0.0 42.0
338 Engilneering Survey Drafters 46.4 0.7 0.0 53.0

* NOTES: 1. Cluster titles in capital letters are intermediate ciusters. Cluster titles in lower
case letters are primary clusters.

2. Percentages of over 6% in each of the three specialised areas M, L, and C are
underliined. If none of the three specialised areas contribute over 6%, the General area
percentage contribution is underlined.

3. The main arcea(s) of specialistion for each clustez, indicated Ly the under lined
percer.tage values, are shown in Tables 6.4, 6.5, 6.6 and 6.7.
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TABLE RB-10 RELATIVE CONTRIZBUTION OF EACKE AREA OF SPECIALISATION
FOR CLUSTERS WITHIN AND NEAR DRAFTING AND DESIGN

PERCENTAGE CONTRIBUTICN TO JOB OF EA<TH
AREA OF SPECIALISATION
General Mechanical/ Electrical Civil Eng
CLUSTER manufacturing| electronic /surveying
NUMBER TITLE OF CLUSTEK G M E C

153 CRAFTING 85.1 3.1 2.5 9.3
278 DRAFTING ADMINISTRATION & SURVEY DRAFTING 85.4 1.3 2.3 10.9
324 SURVEY DRAFTING 82.8 1.7 0.1 15.4
301 DLSIGN DRAFTING 84.7 6.4 2.2 5.8
242 EQUIPMENT DESIGN 67.8 20.6 5.1 6.5
351 SENIOR SURVEY DRAFTERS 86.0 1.7 0.0 12.3
126 Senior Structural Analysis & Design

Officers 63.0 19.2 0.0 17.8
478 Seni10r Electrical Design Drafters 88.5 0.0 9.8 1.7
513 Senior Electronic Design Drafters 93.4 1.3 7T 2.3
513 Engineering Survev Drafters 73.9 1.8 0.4 23.9
497 Senior Engineering Survey Drafting

Officers 83.6 2.1 0.0 14.4
412 Senior Cartographic Survey Drafters 92.9 0.6 0.0 6.4
542 Building Services Design Drafters 85.7 8.3 4.3 0.8
392 Structural Design Drafters 82.3 3.7 1.6 8.4
389 Other Design Drafters 88.7 0.0 1.0 10.3
285 Mechanical Designers 63.2 23.8 5.8 7.2
406 Design and Development Officers 89.5 5.7 l.6 3.2
134 Civil Design Drafters 72.6 3.4 0.6 23.3
94 Production Method Designers & Planners 78.9 15.1 4.3 1.5
127 Tooling and Equipment Technicians 57.7 35.8 5.4 1.9

* NOTES: 1. Cluster titles in capital letters are intermediate clusters. Ciuster titles 1n lower
case letters are primary clusters.

2. Percentages of over 6% 1n each of the three specialised areas M, E, and C are
underlined. If none of the three specialised areas contribute over 6%, the general area
percentage contribution 1S underlined.

3. The main area(s) of specialistion for each cluster, :ndicatad by the underiined
percentage values, are shown in Tables 6.4, 6.5, 6.6 and 6.7.
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TABLE B-11l RELATIVE CONTRIBUTION OF EACH AREA OF SPECIALISATION
FOR CILUSTERS WITHIN AND NEAR ELECTRICAL AND ELECTRONIC

ENGINEERING
PERCENTAGE CONT!IEUTION TO JOB OF EACH
AREA OF SPECIALISATION
General Mect.anical, Electrical, Civii Eng/
CLUSTER manufacturing electronic /%urveying
|[NCMBER TITLE OF CLUSTER G M E (o
89 ELECTRONICS 47.7 4.7 47.3 0.3
67 ELECTRICAL ENGINEERING 45.7 10.0 43.2 1.1
120 ELECTRONIC EQUIPMENT 48.5 5.6 45.4 0.4
115 COMPUTER & DIGITAL ECUIFMENT 46.8 3.1 50.0 0.1
85 ELECTRICAL MCONITORING 49.3 13.1 36.5 )
£6 ELECTRONIC TESTING AND SUPERVISION 74.3 5.2 18.7 1.9
100 EQUIPMENT MONITORING AND CONTROL 51.6 1.0 31.5 1.9
119 Electrical Protection Technicians/
Tectnical Cfficers 39.7 5.0 54.4 1.0
178 Electrical Power Gencration Supervisors 46.5 10.7 42.6 0.1
207 Automatic Control System Techknicians 53.6 5.5 39.6 1.4
183 Equipment Monitors and Maintainers* 50.0 22.9 24.8 2.3
629 Microelectronic Design and Development
Officers 48.1 5.7 44.6 1.6
562 Senior Microelectronic Maintenance
Technicians 51.8 3.4 44.5 0.3
545 Sen.or Elfctronic Maintenance Techricians 54.1 9.5 36.1 0.2
308 Electronic Communication System Repair ——_
Officers 39.1 4.7 56.2 0.0
280 Electronic Control System Repair
Technicians 29.2 7.4 63.0 0.4
167 Senior Electronic Eguigment Officers 65.9 4.8 28.5 0.8
181 Electronic Technicians 9.3 6.1 }3.!_ 0.5
315 Computer and Digital Equipment
Installation 5G.8 2.5 46.7 0.0
362 Computer and Digital Equipment Maintenance
Technicians 39.7 3.4 56.9 0.0
216 Computer and Digitai Control Technicians 43.2 4.8 52.0 0.0
229 Biotechnology and other Instrumeat
Tecknicians 49.7 5.3 44.6 0.5
179 Communication Systems Design and Assembly
Technical Officers 46.9 1.2 51.8 0.0
206 Electronic Testers 90.4 4.0 5.5 0.0
92 Electronic Supervisors 69.8 1.5 21.12 0.9
16 EQUIPMENT ASSEMBLY AND REPAIR 55.6 14.8 23.0 0.6
215 Fluidic and Electronic Technicians 77.1 16.1 6.8 0.0
86 Equinment Maintenance Technicians 67.8 25.3 3.8 3.2
* NOTES: 1. Cluster titles 1n capital letters are intermediate clusters. Cluster tities in lower

case letters are grimary clusters.

2. Percentages of over 6% in each of the three specialised areas M, E, and C are
underlined. If none of the three specialised areas contribute over 6%, the general area
percentage contribution is underlined.

3. The main area(s) of specialistion for each cluster, indicated by the underlined
percentage values, are shown in Tables 6.4, 6.5, 6.6 and 6.7.
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Figure B-1 Scatter plot of the primary clusters on education level
and task level index
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APPENDIX C: TASK LEVEL JOB DESCRIDPTION OF THE WHOLE SAMPLE

The following pages contain the task level job description of
the whole sample of 1230 -esponuents. The tasks are in
inventory order, as given in the questionnaire. All 61 duties
and 621 tasks are listed.

To the right of each task are three items of information. Aan
explanation of each of these follows:

Column 1: Percentage responding - this is the percentage of the
sample indicating that they perform the task:

Column 2: Percentage contribution to job for those responding -
this 1is the average percentage contribution to job
for those indicating that they perform the task:;

Column 3: Percentage contribution to Jjob for all members of
sample <« this is the average percentage contribution
to job, averaged over all members of the cluster.
For each sample the sum of the column J percentages
over all tasks is 100%;




CLUSTER 1 :  WHOLE SAMPLE

Tasks
MY SIECT FLENLAING AND VANACEMINT

v

€Lor€ cCrsiructaon schecules anc zar ctarts
recare cratrol Lat™ gro,rans

1Nta1n recCrcs o0 eapenciture oM tcnstructicr
cjects
P1tyr creeress ¢f werk
frevare rlo”t Lse schegule
Luservise ¢1te wCrxs
CCTCrCINSteE [FOUL.r€%S «11H OLEEr Sectigns
Sufervise Ctrers (erfarmang some C¢ *he tasks
1r Fres,ect Flarear, snc aragement

LS
3y e -
et e 0te ses
~ PN T
o~

LR

- GENERAL AP NIZTFATICN

5%, Us€ stoncars clerical rrocecoures (ec., reeg
reccrcs cr tiless “1ll 1n forms)

Lesrian cr Cevele; rew clerical proceoures
Fevies ars Zton Cer w»Ork

Feviem ofC tlarn tre work of 3 3srcuc

fecurs Cor werx (excest receres)

Arrarge visit, 0 ctrer leccations

Erfran :P reetains

FUr CcOrFRItLEFRS

frle slors crz/er cocuments

T mErecrar g

e

o Se3rcr for eLutirert, Materiols, Crawinos

cr frles
S Fretece SLIVreErts
& Frime zlene
v Pacrotale Socoo~ente
H Fregare ;0L TcsCr1:t110rs 3Inc/or culy Statetents
8 Sutervise Cthers 'nrforn1rg scme ¢f tte

tosks 1n (eérerci A~rinastratior

le wRITTEN (CSPY NI{ETICA

srite letters

ef1te tecrricol rctes

arite regorts

Frepasre statrstical infgrmataior

Peas repcrts, jeurrals an. texts
Precare contract cicurents

FeoC an0 €valvote cO™tracts Cr specificotions
hedo ora3 aInteriret arawin,s

£¢ sketctes a-c crawings

Frepare crorts ar: orarhs

Sufervise ctrers Lbrfarn1ng sore ¢ the
teSkS 11 kr11Er {cPRUNICotICD

A lalalalatldlaintalale]
e OV A Y AL et

—=C'e s e e e s

** To GREyL COMPULN_(E75C

¢« Ltxcnange 1nforroticn with encaireers,
Surveyors ¢r arctaitecsts

txchange 1nfcrsaticn with tradssrer
Exchance 1nfcrrcticr with ctter reccie
within ycor cr _arasation

chanse 1rt criatior mith clients cr
aters cf tre putlac

rticigate . reetings

tero lectures, seurnars ang corferenies
ive lectures

unsel pecrie at work

tervies )0t &g lircants

pervise Ctrers gperforeing some 0 the
s*rs 1n ¢ral (creunicaticn

«
[l
.

— g n
CC1s o 0 o &
.

Lad ad Al S0 o i =)
LRVl TV eah 2 R ALY

0cnoa~w¢-

** Lo FINANCE AND ESTIMATIANG

tE1. Frepare crelirinary estinotes cf ccests
tze Fregare cet21lec estimates Of coste

£, Frepére tucjets

tese frepare est1aates for statt time

£E.. Ffeview estimozes of coSt ano/or taire
E4s. (cuntrcl exzerurture

£ PoiIntain S¥TiiE aBCCOLNTIN,

£, Supervise otters gerfurmine scre ¢t the

TS0t 1n finance orc Estimating
e b, FLELHRASINLG

£, feal wrtl s2ie€eszerscrs

fee fvaluate ecurirert arc mactarery

FXe frepare FCOrCAIC 232ra153¢ C1 €QLIZITeNt
or mactairery

4o Ezamine 3n3 ceiect Qudles

te FuLrc™2se €CLI,NEMY €7 SEFVICES

e (versee purctoses Ly staft

7. Sutervice ctrers cerforminc some of tre
tosks 1n Porc%csinc

L1, lcenti1fy staff needs

vie LFfZori1se Sto'f trsinaing prograns

Gle Desrcr anc cevelo: tra1n1ng Lropraor

(Lo Frepare 1nstructional roterials

6:s (Conouct trazirang

Cie ¥Fonace trainint anc Zevelogpment

(%« Corry cut ste!l azprraisals

v'e UzCate owr snceiedce of lotest tecknrnclogy
anc 1ts apglicatiens

6. Encocvrage cther staft tc vooate trear knowleoge
cf latest tecrnclo"y anc 1ts aoplications

vil., Supervise otrers gerforminc some of the

tosss in Staft Developrent
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CLUSTER 1 :  WHOLE SAMPLE (CONTINUED)

AL - ALL~ AL -
RESE RESP KESP
Frct XJot %Jor
Tasks kesc  Fesp AL
“e ko, STAFF SLPERVISION
rl, Cive cirecticr ong suLervise tracesren Léeo3e 1,605 o748
Heo C1v$,orrectrcn anc supervise other encinerrirg ST461 1,474 o752
sta
r%, Irstruct or Cirect ncr- en,in(er1rc *at S1.2¢ 1.17¢ T
(eq, tysinc, clerical, tacoratory aft) i
Feo  Set AnZivicual enc grour yoals 12,52 1,167 $ 273
nty Bygyet se24f e resilye orOLiess S3e6d  Hentd B4
P se GUALITY 2SSUrANCE/LUALITY (ONTFLL
I cheloo cuality policres 1L.e7 1,067 15¢
Jie Flan guality cintrcl systerms 12,17 1,616 o124
350 Lesha suality corntrol procecures leo7¢ 1,527 <121
Jeo larlement cuality cortrol prccecures cTe57 1.36¢ e 257
Jie  Pssess zuality corntrcl procecures 1711 1,25%¢ 2@l
Jie Suzervise otlrers gerforeainc sore of the Tw,4?7 1,072 e15%
tesks 1n Guali1ty AssurancelCualaty Ccntrct
*» re SUEBLITY TESTING £8f PIASURING
rls L€31.n test croecegures 1¢.10 942 158
¥z, Censtruc? test r13s 3nd 1nstruTent czChages ra.G? e 96L 134
~Te Ferform monufoctufec Crosuct tests teek? 1,338 N
e, Ferfcrm materio!l tests TeoSS 1,592 elic
*i. ferfcer enviroraertsl tests okt e27 o7
b2, (OR3uCt fufof. serformance t-sts Lo22 $55¢ N2
k7, Use statisticel sarcling technigues 7.2 1.18¢ D
¥, Use conrtrol crerts tev? 357 Al
kS,  SpeCify Cf USE sCCeLtarce measureme~t technigues Tw BT 1,465 217
te veraty thotl grotucts cerfers 1o cimensgional
sgecitications
k1. (alitrate irstrurents to o stancarc 17,24 1,649 257
X371, Prograr autoratic 'est ecuipnent 2021 982 ofzd
kKi¢o Investizate ant rectify causes ¢t roer sualaity SVeXi 1.242 2?7
K13, witness 3nc repor? 0~ material tests 16607 1,475 o2t
¥14, Surervise otrers gerforring sore c¢f the 15,12 1,085 PRE-YS
tasks in Gualaty Testing anc Measuring
*r Lo MATERIALS TeSTInG
LY. Fertore zaint tests 2e%3 «£37 ik
Lie FPerform soil tests Colt 24617 X181
L!. Fferfcrn corcrete tests 5.20 1.82¢ B3
tés Fertorm ctrer naterial tests 11,37 1.513 171
Lie Sugervise otrers zerforming sone of the Ee?7Z 1,271 PR ER]
tisxs in Materiols Testaing
e Y, FLINTINAN(CE
¥i, Prepare and CcsSt mairtenarce anc calitresticn 11.0¢ «EDL o053
. schecules
Yie lIsplement m3arterancé anc Caiitratior schezules 17,80 1,222 264
Mo tvaluate mairterance crozrare TeeFe 1,143 y¥3s
L, List roces cf tart.re Fleet 1,032 «212
¥, List ccnsecuerces ! farlure TyetT  S.0S7 ezlf
Yie (orry out maIftersrie 1Prs;ecliIONs Tl o182 e 7c3
¥7, Fgnator tre ci~r2tic- of ecuicment Jielz 1.70L e Sey
~fe {CNTLCt C13ZmLetIC tesStan, zcell 1.2 W18
v, (oncuct routine gerformance ceste 27.52 .zl Wbtt
¥ le fLpErvise Ctrers portformang sc e of the czez® 1.208 ec T2
tosnt in ®a2artenarce
s v, SAEFETY
M. fevelecs an? reccraenc safety procrams 14 1,767 .15%
- %2, ®cnitor safety procraxs 17 1772 s
N1, laclement safeiy cfozrams s 10642 D372
Ne, hemaraster elerertary first-aig 17 e 931 L1585
%, Suservise cotters Lerfor.:ng sore of the 12 1,237 .137
tzsks 1n Safet)y
o b, SITE 1%SPE{T 0% END INVLSTIGATION
#le  Investijzate frevil.s engineerir; uCrv 17.67 1,111 L3
P.. fcllect’oata or lccaticn of rcads anc services 28,11 1,81 J172
tnrcust f1¢elc 1nszeitions .
2, insgect lanc tcrms cr sate Zcelt 1.(5c¢ $251
tis {ctlect cata cr Llarc use By o754 oLvé
?Le Irsgect cesela,1erts on flcoc clairs £.7¢ «737 «C52
Fr, hscess extent ¢! river flooding Gel2 e 7E7 075
F7. Insiect hy.rc8ceiric AONITCrIn, S1TES 3. «£14 Tt
F'e “oritor atfcsiferic ang envircnrental cencitiors S 0790 TS5
£r, tssesy fcrestore s*crm camage 2 504 oC18
=17. tltotozrath site c3e <810 e
File Inspect site tor satety and statility curing 38 1,213 -
censtructacn
Fi1Z. inspect ercinevrin: work for corpliarce =11h e 1.35¢ bzt
rlans an: Sgeciticetiors
P2, Pertera cn=site enﬂ':y PR XY 7.5° o665 oTeld
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CLUSTER 1 : WHOLE SAMPLE (CONTINUED)

ALL=- ALL-

RESP t

Prct
Tasks ResD

** . USE OF CALCLLATCRS AND (OMPUTEXS

Dy
L]
wouwn
vCo

Use calculators

Use crograrmatle calculators

Use terscnol computers/sicro-processors
Input cato or recall data from comruter ter
Use ®ainfrzme cr mini comguters through oun
Cords or termainals

bevelor corruter programs

Use fackage prcgrars

*co0ify packaoe programs

Precare input tor humerical Control *achin
Fregare input for corputer assisted drafti
(CAD) machines

« Prepare intut for corputer assistec mdchini
(CAF) nachines

Surervise cthers gerforsing sore of the
tasxs in use of (alculators anc (orputers

s* 5. COMPUTER AND DIGITAL EQUIFFENT

rnToTr
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Select cigital or corputer control equiprent
Acsist in conversion of glant reGuirements to

a fore ascceptatile to digital or cemputer control
egquigcrent

Assist ir the cesich of the grcgram for corputer
control equiprent

Frograr corpiter contrcl equipment

tecore irveclvee with conversion of relay panel
functions tc ciyrtal or corputer control equipment
Exglain grccrar cf computer control equigment

tc other rersons

Deronstrate gferforrance of diygital or corputer
control ecuigcrment

Trair users cf digital or corputer control
ecuioment

Pepair ano test d131tal or computer control
ecuicrent

Fceity ciozras of computer ccntrol ecuiprent
¥aintain recoros of cdigital cr computer control
ecuirrent

Supervise others gerforrine sore of the

tasks in (cmputer and Ciortal (Control Equipment

COYPUTING SYSTEFS
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Differentiate Ltetween the orerating systees of
oifferent tyres of hardware

Crerate a rulti-user System 3

tnalyse anc utilise disk anc non-disk based
micro~corputer orerating systems

tvaluate systers on a neecs/use basis

tnalyse anc utilise minimal and decicated Systems
Explain the functions of interpreters and
compilers to other persons

Irterpret a merory map .

Interface varicus softuare with different systerns
Supervise others perforsing sore of

the tasks (orputing Systems
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*s Le DIGITAL ANL (OYPUTING HARDwARE
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Prepaere installation asng construction plans anc
ograwings fcr 91yital or computing hardware

Instatl cicrzal or computing harc.are

Test new dicital or computing harowvare
Cummissicn rew 0igital or cofputinec eguirrent
Menitor the opfration of cigital or computing
ecuiprent

Analyse eGuigment rerfcrrance . .
Analyse faults in cigital or computing ecGuiprent
Diaynose anad retplace fzulty conpcnents

Pertorm acjustaentsy clean anod lutrizate comporents
Petermine selection criteria for ccmionents
Evaluate ecuirzent and cosfonents

fFecorsenc the surchase of equipment anc coaponents
Design electroric interface cCircuirtry

Ccnstruct electronic circuitry

Test electronic circuits .

Interface varicus da?ital or computang hardware
Surervise cthers performire some 0f the tasks

in Digital ano (omputing rardware
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*» ¥y, COYPUTING SCFTRAPE

1. Bevelop alyorithes for nigh level tanguage 3
2. Etnalyse alcorithes for hi,h level languaces | 3
l, FProcess cata (in relativeiy simple fore) in tigh S
level lanryuage A X
L, lnterface ant rodify hi,h (-vel language procrars 2
fcr orerétion on aifferent computer types
%, bDevelor al.orithkms and programs at assembly 3
lenyuaye level
V€. Debuc alcorithrs and proorars at assenmblly J.E2 o651
lan%ua;e level
v7e Aralyse alcorithes and prougrars at assembtly 3.09 «666
lanjuage level
vée Ierglement alcorithems and programs at asserdly 3.66 « 657
lun;Lage level
Ve, ¥oo0ify algycrithes and proyrans at assenbly 3.5¢ 0567
languaye tevel .
110. Supervise cthers perforsing some ¢f the tasks 2.68 629
in Cosguting Scftware
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ERIC

Aruitoxt provided by Eic:

CLUSTER 1 : WHOLE SAMPLE (CONTINIED)

Tasks
** ae ENGINEERIANG [RAWING AND CHRAPHICS

»1. kcjust aro calibrate conventional drawing machines

w2 Aciust and caliurate compouter assisted arafting
(CALY machines

wle lIntergcret working crawings X

»4. Procuce drawings using conventional eguifrment

»-e Frogduce Crawings using computer assistec drafting
(CAD) machines

wte Frepare sketches/artmork

w?. Frepare graghs anc charts

hi. Supervise cthers performinc some Of the tasks
in Engineerinc Dra-ing anc Graphics

“* Xo DESIGN DPAFTING

A1, Prepare a3 List of the functional requirements of
2 design proposal

Xgs Draw flow charts or schematic bLtock diagrams

X2e ¥ake layout Crowinys on a computer Screén

Xbo, ¥ske layout crowifi;s on a drawing toard

XZ, Foke assemtbly orawings

Xte Prepare wiring diecrams

X7, ¥szke 3-gimensicnal eodels

Xte Vake detail Crawincs of electronic ccmpcnents

or circuits tnat facilitate manufacture cr
installation i
X€e t*ake detail oramings of electrical comgonents
or circuits that facilitate manufacture or
installation
x15. ¥ake detail crawincs of mechanical components
¢r fixtures that facilitate manufacture or
installation
1. frepare grackics for display or instruction
2. Sugervise others performing some of the tasks
in Design Drafting

*t Yo EAMGINEE™ € SUSVEY DRAFTING

x1
x1

Produce survey crowings

Proouce site glans

Froouce contour plans

Produce profiles

Frocuce roao glens and sections . .
Produce water, sewerage, orainage and irrigation
plans anc sections

Supervise others pericrzing sore of the tasks

in Engineerirg Survey Crafting

- - -l - -
EVIRENY. F PIFTEN
cs e s

** 2. CADASTPAL SURVEY DRAFTING

21. Procuce illustrative plans

1¢« Froouce aoministrative plans

1%, Produte portior. or section plans

14, Proauce deposited plans

15, Produce strata title plans

1¢. Frocuce plans for annexure

17. Supervise others performing some of the tasks
in Cadastral Survey Crafting

** AA, ELECTRACNIC FLeFICATICON

kkl. fopricate printec -iring Loards i

kk2. (onstruct rechanical haroware primarily from sheet
retals aro olastics, employing the skills of
reading crawinis, tending, drilling, cutting,
tillind, puncning, welcding anc finisting

A3+ Construct electronic hardeare, e~cloying the i
skills of reacinc circurt ara layout giagrams, wire
wrappIng anc high reliatility soldering .

AAL, (orely with -crishca. industrial ang efectr1C¢l
scefety recuirenments, ano perfcre ossocrated safety
crhecks ano tests

AR5. Prepare docurentation assccioted with the
protetypin: of electronic ecuipeent

kE5. Sucervise Cthers cerforming some of the tasks
n Electronic fabrication

** Abe PCWER CEREFATICMN, ENERGY TRANSFEF ENL FLUIL FLOW

ki1, Lesign select or irstall ecuicment related to tre
switthing cr ccnversion of energy to electracal
tumer or fluid pomer

o Desicn or select pumns, heat exchangers, motors
anc¢ alliec egui.rment

« Yonitor the gerformance of elerents of s plan
(eGy neasure temgeratures, pressures)

e« Yaintain equirrent related to steam, licuirc air

of Gas flows onC power yeneration i

Cgefate cower ceneration equipnent or furping

equicment .

« Carry out efficrency calculations anc €energy

account ing B

fFullce ccdes on operatine prucecuress air

rollutior cr safety

Desian or select electricity poles, towers,

transforners ond catles .

9s Estirgte consurer’s demand for energy

1l.Fespond to the wrpect of the fuel cycle and pomer
¢neration process on the envirorment ong 50Ciety

t1l.fupervise others performing some cf the tasks

i? Pcwer GCeneraticn, Eneryy Transter anrd fluio

flow
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CLUSTER 1 :  WHOLE SAMPLE (CONTINUED)

ALL~ ALL~- ALL~
RESP RESP RESP
Prct XJob xJat
Tasks Resp Resp ALl
*e iCo ELECTRICAL PCwER GENERATION, TRANSMISSION
. CISTKIFUTION AND UTILIZATION
ACl. Investigate need for gererating clant L.g1 «659 028
AC2, Ass13t with envaironmental impact stucdy for power 1.38 4?3 .07
station or transrission line
AC2, Assist with greparaticn of specificaticrs for 2,74 $773 20
generating plant <
AC4. Convert ranufacturer”s crawings to working 3.17 688 028
draesings f3r tradesmen
A(S5., Ozerate, under supervision, generating glant 3.52 2.000 072
AC6. Interpret system alarms 6.83 1.206 082
AC7. Surervise i1nstallation or maintenonce of 5:69 «671 .038
battery systens
ACBs Supervise installation or maintenance of 6.10 672 041
earthlng‘slsten . .
ACS. ASSI1St with preparation ot sgecifications for 2452 «862 .022
. transmissicn sSystems
AC1Z.Prepare switching schedules 3.33 848 028
ACl11.FPerforr “Laive-line workiny i 2.68 1.071 «0¢9
AC1i.Supervise construction of overheaa Lin2s or 3.90 «782 .03
taying of underground cables i
AC12,Commission highk vcltage overhead lines or 2.52 1.126 .028
ungergrouno catle systes
AC1-,CommiSsicn mesi1ur voltage overheaos Line or 3.74 «966 036
undergrounc catle System
AC1S5.Fault-finc on high voltage overhead line or 3,17 1,253 040
undergrounc catle sysStem N
ACic.foult-find on recium voltage overhead Line or 4.23 1.240 .052
uncergrounc catle systenm
AC17.Pregare schemes for new supplies | 4e72 1,125 052
AC1z.Arronge for installation of electricity supply 6.10 «952 058
and retering
AC1¢.1nvestigate corglaints for consurers about 3.33 1.049 035
electr1c1tz sugply
AC2L.Prepare schemes to improve electricity sudppPly 4.55 1.075 G469
AC21.Fregare specification for electrical S.12 1.014 .£52
_ installation in a tuilding
AC22.Assist with cesign drafting >f electrical 5.20 1.153 060
instatllation in 3 tuilding .
AC22,5elect site for electrical eqguiprent 6.42 1.038 067
AC24.,Calculate circuit or system loading 8.54 1,173 100
AC25.Calculate voltage drop on circuit Or SyStem 8.62 1.180 <162
AC2c.Calculate fault levels | 6.42 975 «Co3
AC27.Supervise others perfornlnz some of the 6.67 1.050 .07C
tosks in Etectricol Power Generation,
Transeissicn Distribution and Utilization
s+ AD, AUTOFATIC COHTRIL SYSTZMS
£1. Investigate neec f.r automatic control Systems 7.97 631 054
At2. Prepare sgecificaticns for automatic control 6.34 «762 .C&8
systems i i
AD3, ASSist with preparation of specification for 7.32 640 047
automatic control systers .
AD4L. ASSiSt with design drafting of automatic control 6,82 «847 .058
systems
AtS. Supervise installation of automatiz control 7.64 - 981 .075
systems
ADO, A;sist with cormission .9 of automatic control 10.00 . 782 «C7%8
systems
At?7. Prepare ceeration or instructicn ranuals for 5.85 544 .032
autoratic control sSystess . .
ALS8,., Assist mith precaration of ogeration or instruction 5,67 «586 .C39
menuals for automatic control Systems
ALG, Check gerformance ot electrical autoratic control 10.417 1,030 . 107
systems
AD1C.(‘¢¢& gcerformance of electronic autcmatic control 10.73 . 921 099
Systexs
Ar11.CKecl gcerfcrmance of electemechanical automatic 15.08 o846 .C55
. ccntrol systems . .
Al1z.Check serforronce of fluioic autcratic control 4.23 .598 038
systems
AL13,Tune the dynamic response choracteristics of a 3.25 +894 029
control System
Af14.¥aintain automatic ccntrol Systers 7.48 1,217 091
AL15.fxplain the cperation of automatic control 9.59 67 065
systems to Other fersons
AD1¢,Deronstrate the perforrance cf automatic control 5.61 «595 .033
systems .
AP12,Train operators of automati: control systems 4.07 « 526 .01
AC13.%0dify automatic control sy-tems 7.15 . 782 056
AD17,A8595t with mocification cf 2utorotic control 7.48 723 «C54
systems .
ADZ{.Supervise ovthers perforning some of the tasks 6e42 « 711 L&6
in Autosatic Cuntrol Systess
so AE, EARTH ¥YOVING AND MIMNING
AE1. Sell cartrhmoving ecuiprent i .08 0243 000
AE2. Desicn new mechanical ecuiprent or design 3,76 1,417 053
noditicaticns to existing equicment
AE3, Lesicn ccnveying Systess 1.79 1.403 .25
AfL, Interpret ,eolougzical measurements 1.30 .80 .11
Af5, Pake decisions Involving selectirony care and 1.06 804 .00F
activaticn of explosives .
ate, Maintain crilting, exzavating, conveying or 2.68 1,369 037
Eumping equigmen? . . . ¥
AE?. Fespend to ecological and social issues relating 1.30 994 .012
to the irdustry )
AEB. Supeérvise others ce forming some of the tasks 2.44 945 .023
irn tarth Moving ancd Mininc
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CLUSTER 1 ¢  WHOLE SAMPLE (CONTINUED)

Tasks
s AF, MOTORISED TRANSPORT SYSTEMS

AfFloesDesran frames, structures, rotor components,
Grive rmechanisms for €ars, trucks, agricultural
ecuipmenty buses, trains, motorised carden
equipment

hFl1o.Desyon frames, structuress, molor components,
crivé rechanisrs for boats, ships, ferries

AfFlc.Design frames, struCtures, motor components,
dgraive mechanisrs tor aeroplanes, helicocters

£f2. Test ano monitor the performance of land, sea or
31r vehicles to oevelor and improve their design

AF3. Test land, sea or air vehicles for comprliance
with regulations .

Af&Le. ¥ainta1n or supervise maintenance programs on
land, sea or air vehicles

AfS5. Calculate power output, tnermal efficiency or
fuel e!ficienC{ . .

Af6e. Sell or orager land, sea or air vehicles or
components for them,

AfF7. CLonstruct or supervise or moritor the construction
of land, sea or air vehicles

Aftte Respond to the social and ecological rmpacts of
land, sea or air vehicles

AF%. Supervise others performing some of the tasks
in Motorised Yronsport Systems

*#* AG. PKOCESS PLANT ENGINEERING

AC1., Desron a plant layout, or mogifications to a
layout fcr the continuous fFroduction flow of
raterials anc processed goods (eg, fcoostuffs,
liguids, minerals)

ACZ. Faintain elerents of process plants
AC3, O%erate and monitor tﬁe performance of process
clants
ACL., Oroery write specifications for equipment, or
sell process equiprent
AG5. ¥anage hygiene ano cleanliness standards X
ACt. Irstalt monitoring and measuring i1nstrumentation
AG7. Manage Lliquid and solid waste and gaseous
. emissions i
LG8e. Select electric motors .
AC9., work closely with geople Qualified 1n electronic
. 3nd electrical technology
AC10.Supervise others performing some of the tasks

in Process Plant Engineering
** AH, METAL FAERICATION, TURNING AND CASTING

AHl. Desion metal frameworks, lifting, carying
gevices, continuous sheet structures for welding
or rivetting oge¢rations

AK2, D§f2°8 shafts, oxies, or gears to te turned or
T e

AH3, Design castings and select the casting process

AkbLe. Maintain production uelding systems

kHS. Faintain procduction rachining facilities

AHE. Maintain foundry equipment

AH7, ¥onitor and maintain safety proceoures

AHB. Design for corrosion resistance

AHY, Orerate production equigment

AH1Z.0rdery purchase or sell production equipment or
experirental and test equipment

AH11.Supervise cthers performing some of the tasks
in Metal Fabrication, Turniny and Casting

** o). WOOD, PAFER, PLASTICS AND PACKAGIANG

« Desicn packages and containers for function
and appearance

« Desicn prooucts to be rade of plastic or ruober

« Desion dies for injection moulding ractines or
rubber calenders .

« Maintain mouldinc machines or calenders

e ¥Yeasure the cinersions of prcoucts

. Machine cies or calenders

o« Desicn reinforced plastic products

« Operate roulding eauipnent

« Maintain or select woodworking Fachinery

Jelesian products to te made of wooo

1.5upervise otters performing some of the tasks

*n wood, Porer, Flastics onc Packaging
** Ake HBUILDING SERVICES

PPBEPEBRP B DPB >
[ SN B S A SN Py Sy e L 5%
et QICONONNES W) =

hle Lesian air cenditioning systems

¥2e Desicn refrigeration systers

K3. Install or mawyntain arr concirtioning,
refrigeration environment control systers

« Design water and drainaye services A

e Ferform calculations for fumy characteraistics,
pressure or tire services

« Install ¢r maintain wet services

e« Test, research ano develop energy systens anc
raterials

Monitor and investigate energy CCrsunziion
vesion hoists, lLif*s ang stair.ays .

eInstall or maintarr. hoists, lrfts ond sta.rways

leDesian Security systems - locks, slarms, fire
protection and./nr systess

An12.Install ano test ur maintain security ond fare

protection systems A
Ar13.Supervise others performing some of the tasks
in builoing Services

€Yo ®
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CLUSTER 1 : WHOLE SAMPLE (CONTINUED)
ALL~ ALL-
RESP RESP
Frct zJob
Tasks Resp Resp
** EL. ALVISORY AND SPECIALIST SERVICES
ALl. Assess ogamage to mechanical systems 11.38 1.401
AlLc. Assess oamage to electrical systems 10.08 e 934
AL3. Assess camade to electronic systems 8.78 .880
Al4. Assess ogamage to civil engyineering works B.78 770
AL5. Submit accident reports t. iNSurance comganies, 6.67 -873
courts and companies ) N
Al6., Assess safety proceoures and compliance with 10.9¢& «962
safety regulations
AL7., Pake recomrenoistions on the groducts, policies 7.56 852
and services that <‘ould be pursuecd ty Gcvernment
bcyres ano fires
ALt. tramine 5n0 evstuate patents, product designs 1,061 «731
ang inventions
AL9. Fresent seminars, run courses, or teach 4.39 -£89
classes en inoustrial or technological topics |
ALI12.Record atmosphere conditions and monitor operations 2.36 1.031
AL11.Fecord noise levels bob7 722
ALlconrrte service tulletins and obperating procedures 7.15 741
AL12.{c-oroinate waste disposal projrams or 3.01 734
recomrend processes i
AL14.Supervise others performinc some of the tasks 6.91 o714
Tn Acvisory ano Specialist Services
*o AV, CONSTHUCTION
A¥*1, Calculate wing forces, live loads, and static 7.07 1.015
loaocs on ownellinos .
AF2, Select or calculate section properties of frames 7.24 1.202
A*3, Irplement cesi?ns using reinforced concrete . 9.43 .982
k*¥4o Desrcn or moodrfy dwettings, trroges, silcs, tanks, 9.67 1.157
rigs and platforms
A¥5, Select processes and products fcr corrosion B.62 «850
frevention
A¥¢, keady, tollow ano apply coues . 16.26 1.294
Av¥7. Hire or sell cranes, construction equigment, 3.58 «855
or site facilitres
A¥E., Supervis~ erection procedures and derolition B.b46 978
procedures X .
AF9. Select materials for environmental suitabilaity 8.21 o774
A¥1C.¥cnitor ano maintain safely procedures 6.67 .933
A¥11.Supervise others performing some of the tasks 8.05 «962
16 Construction
** AN, EINTECHNOLOGY AND ERGONUMICS
AAN1. Desiaon hand tools 1.63 1]
h\2. Desicn furniture and fittings for ergonoric .g9 .63;
efficiency
Ah3. Design sno develop prostheses .00 .888
ANL. Cesicn surgical equipment .00 .
ANS. Mointein and service medical equipment .81 2.614
| AN6e Faintain ano service electro-gsedical equipment 65 2.709
| AL7. Design ano develop surgical aids .08 «236
AvE. gesjgn and develop ambulatory aids or carrying ol k22
evices
AN9. Desian signs, incicators, ata.rs, detectors that 1.06 *526
involve an ungerstanding of human perceptive
capacities ] ]
ANMIC.Fonitor atiospheric concitions or operate eguipment 1.06 <907
to maintain “nvironments of cdesired pressure,
humicity, terpecrature and contamination .
AnT11.tispose of rathological waste products or cvesign .08 +268
containers fnr transporting Liological tissues or
cultures
Ah1Z.Supervise others performing soxe of the tasks .98 759
in Biotechnology and Ergonomizs
** AP, TOOLING AND EGUIPMENT
hF1l. Select svitatle equiecment anc toolin 12. 1.349
AF2, Interpret equipnent spec%fication s 1%.%& 1.156
AFP3. lnvestigate need for equiprent or tooling 11.62 .998
hPb. (cnouct acceptance test on eauipment 5.94 964
AP5, Disgrose faults on eguipmert 13.01 1.384
AP6. Cecice on tool material S.85 1.278
AP7. Stlect machine settings 5.37 1.723
| APE, Desion ecuipment or tooling . 6.34 1.367
; AF7, Lesion modifications to equirment and tooling 2.46 1.C89
AP10.Ass15t with develorment or manufacture of 7.48 1.210
ecuiprent or tooling i
AP1l1.Cemonstrate performance of equiprent or tooling 5.93 «E71
AF12.Sugervise others performing scme of the tasks 6,91  .920
in Tooling ano fauiprent
vo Au, MATERIALS MAADLING
ALTe. Select materials hancling eguipment 6.91 « 599
Acg. besiyn materials hancling equipment t.88 1.288
AG¢3. Select packaging 2.1 . 587
| kG4, Supervise -harethousing ano storage operations 2e5E 875
| ACS. Supervise Listrituticn ana transport 2.60 1.435
' A06. Sutervise ochers performing some of the tasks 3.25 «655
| in Materials Handling
| ** AR, PKODUCTION EAGINEEPING
‘ AF1, Plan procuction . 4,07 1.291
, Ak2, tstirate production rate Lok?7 1.158
At3. Calculate fcner consunption 1.87 632
AP4, FPlan material rotuing 2.44 1.099
AR5, Do scheduling or {cadiny 2.92 1.254
AP6., Progran 1nventory control 1.63 +L98
Ah7. Detérmine rachine loading 2.36 <916
AP, Cetermine nachine loadin . 1.87 538
AR9. Supervise others perfurming some of the tasks 2.28 «964

in Procduction tngineering
Q
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Aruitoxt provided by Eic:

CLUSTER 1

Tasks
*+ AS, WOPK STUDY

ASl. Perform sethod study

AS2. Perform work measurement

AS3. DesiGn wcrker incentjve schenes

AS&. Isplement and maintain worker incentive scheres

ASS5. Prepare work performance ingices

AS6. Evaluate project profitability

AS7. Determine workplace layout

AS8. Supervise others perforring some cf the tasks
i work Study

#+ AT, rLUID POWER

AT1. Pesion hydraulic circuirs

Alg. DesiGn pneumatic circuits

A13. Design pressure vessels .

AT4. Design flujo values. actuators ano/or switches

AT5. Select fluid power harcdware for a civen application

AT6. Install anc rommission fluio cower systems

AT?. Daignose faults in fluid Cower systers

ATo. Sell or crcer fluicd power equipment

AT9, Implement the industrial safety reauirements
relevant to flurd power systems

AT10.Supervise others performing some of the . »sks

in fluioc Power
** AUs ELECTRKICAL INSTRUMENTS AND SENSOFS

AUl. Select instruments for purchsse or use

AUc. Select sensors for automatic control systers

AU3. Select sensors for computer control equipment

AlU4, Commission sensors

AUS5. Demonstrate perforrance of sensors

AL6. Exrlain operation of sensors Or instruments
to other persons

AU?. Calibrate or re-calibrate sensors or instruments

‘UB. Use instruments and ranually control plant

\U9. Use instruments when commissioning plant or
equirment

AUIC,Use 1nstrurents when fault-finding

At17,S5upervise others performing some of the tasks
in Electrical Instruments ano Sensors

** AV, POWER ELFCTRONIC DEVICES

« Select thyristors or transisters
AVZ. Select rectifiers .
« Desion equiprent 1ncorporating power electroric

cgevices

AV4. Become involved with manufacture of equipment
incorporating rower electronic devices

Av5. Beco-e involvec with developrent of equipment
incorporating power electroni¢ devices

AV6s Supervise installation of plant containing
bOwer eiectronic devices

AV7. Commissicn or &¢ssist with commissioning of
power electronic devices .

AVS, fsult-fino equipment incorporating pcwer electronic
cevices

AVS. Demonstrate performance of equiprent incorporating
guwer electronic cevices

AViC.Cgerate or use eguipment incorporating power
electronic devices

AV11.Supervise others performing sove of the tasks

in Power Electronic Devices

** Awe ELECTRICAL FRCTECTION DEVICES, RELAYS AND

e CONTACTORS

AWl., Select protection method and device

Awle Select relays and contactors )

Aw3, Assist with design drafting of protection systems

Avh4. ASSiSt with cesign drafting of relay and contactor
circuits .

Ak5. Supervise installation of protecticn devices

A6, Supervise installation of conprekensive protection
systems

AW?, Supervise inst.llation of relays or contactors

A1 8, Commissicn protection devices

Av9. (ummission or ossist with conmissioning of
comprehensive rrotection Systems .

Av1{.Commission relay or contactor circuits

Anll.Foult~tino on relay or contactor circuits

Av¥12.dnvesticate folloaingc the operation of protection
cevices ,

Av12,Supervise raintenance of relay or contactor
circuits

#v1¢.Supervise others performing sonme of the tasks

in Ele.trical Frotection bevices, Felays ang
Contactors
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WHOLE SAMPLE (CONTINUED)
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Aruitoxt provided by Eic:

- CLUSTER 1 @ WHOLE SAMPLE (CONTINUED)

Tasks
*+ £X, POWER TRANSFOKMERS, CIRCUIT BREAXEFS AND ISOLATORS

A1, Observe anc becore 1nvolved in manufacture of
power transformers
AX2, Clserve ano betore involved 1n manufacture of
circult treakers .
A¥3. Observe anc betore involeed in developrent of
power transforners
Ax5. Investicate need for power transtformer
Axé. zrepare layout plan for substation or distributicn
varc
Install rower transformer
Supervise instollation of power transforrer
Install circuit breaker
Surervise wnstallation of circuit breaker
«fommissicn or ossist with commissioning of power
transyorrer . . . .
«(ommissicn of ossist with cormissioning of circuit
Lreakers .
Supervise the naintenance of power transformers
Supervise the raintenance of circuit breakers
Supervise the cperating of circuit breakers or
isolators
teCgrerate, unoer sugervision, circuit treakers or
isolators
X17.Supervise otters performing some of the tasks
in Power Transtformers, Circuit 3reakers and
Isolators

** AY, ELECTRICAL DRIVES

VS W R
LRI

AY1. Ctserve or beccme involveo with manufacture of
variable speeu drives
AY2. Quserve or become involveo with ranufacture of
fixed speed Sraives
AY3. Observe or teccme involveo with research or
deve lopment of variable speeo draves
AY&e (bserve or become involveu with research or
¢lopment of fixed speec drives
ist with precaration ot sgecification for
ctrical crive
ect variable speed drives
ect fixed sreeo drives
ervise jnstsllation of variable sgceed drives
Supervise installation of fixed speed drives
«fomrmission or ¢SSi1St with commissioning of variable
speed drives
«Ccmmission or assist with commissioning of fixed
speed drives .
«bemonstrate the performance of variable speed
drives 3 .
«Demonstrate the rerforrance of fixed speed drives
«lnvestigate faulty performance of variable speeg
dgrives

cev
AsSsS
ele
AYb. Sel
Sel
Sup

pry

énvestigate faulty pertornance of fixed speed
rives

?upervrse raintenance of variable speed driJes
S

i

€L K Lk « € C <
bt b e L ON
o
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[ L L e AV A .
.

upervise naintenance of fixed sceed drives
upervise others performing some of the tasks
n Etectrical Drives

s¢ uls ELECTRONIC COMFUNICATIONS

A21. Install, cummission and maintain smaller
communications systers L.

a22. Evaluate the gerformance ¢f antanae, transmission
lines, wave gurces or optical titres .

A23., Install antaneas transmission linesy» wave guides
or optical fibres

Al4. Desion and construct simple circurts, systems and
interfaces tetween 1ncompatible systems

A25. Piagnose and rectify System faults

A76. Evaluate the suirtability of raterirals, components
anc equiprent/systems for particular applications

A?7. Test ano evaluote the rerformance of systems,
and reccrnend and implement chanues to improve

. system gerformance

A1E. Supervise others perforning some of the tasks

in tlectronic Communications

** PAs OTHCR ELECTRCKIC DEVICES

B21. Irstall an electronic syst-e (1€, racar,
sonar, etc)

BA2. (ommission an electronic system

BAZ. Cverhaul an electronic system

8r4e Carry out screculed raintenance on an electronic
system

BEAS. Carry out performance checks on an electronic
system .

8ab. Carry out manufacturers rmodific- ions,

certifiec rmocrfications, of upc es on
electronic ecuipnent

Intecrate electronic chlpmeht nto 3 system
Supervise cthert performing some of the tasks
in Other Clectronic fevices

** rBe ELCINEEKING SUFVEYING

m
™

oo~

LY

reasure distance with tapes

Le1.

tB2. Use the Thecoolite in traversing

vt3s Use electronic oistance measuring devices

BE4. Perform levelling by lasers

20Se fotatlish elevetions usin, automatic level

Efve Locate oetarl using tacheometry

BE7. P& cut LrCOSC0 €ngincering works

EBEe Align macChinery

beY, Ottain 5urer information from surveyor

BE1G.Suvervise others performing any of the tasks
in Engineering Surveying
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CLUSTER 1 : WHOLE SAMPLE (CONTINUED)

Tasks
*¢* (. CADASTRAL SURVEYING

1. befine property alignment

2. OLtain cacastral survey information

3. Calculate ano set out subogivision

4. Supervise others performing some of the tasks
in Cadastral Surveying

<
<
¢
¢

#¢ oDs HYDROGRAPHIC SURVEYING AND DRAWIMG

-
.
wn

-

Perfcrs oceanoyraphic studies, inclucding beach
profiles

kecoro location of underwater cable

Draw ano calculate sextant charts

Plot hand 4no echo soundings

Calculate dredklng quantities

Plot hyo-ographic charts i

Plot channels for harbours and inland rivers
Record mooriny permits on plans

Trace flooo levels 3

«Supervise otrers perforring some of the tasks
in Hydrooraphit Surveying ano Drawing

SUOVEY COMPLTATIONS

OOIQIINDII D
SO = O OC

aoooooreoeomas
LI OO OO0 L4
-0 00N OMNSLIN -
(Do o 0 000 0 0 .
e e 00 000 00
QOOWWVNaROrOW O
WA & & NN

e e o0 00000
OO N0 W~
OoONOMsOSOOm ™
_SNO= OO~ A
e e e0 00000

S WNOI= OO = N

NN bbbl

culate recucec levels

rforr gecmetrical calculations

ust Linear siscloses in a traverse
ctermine cc-orginates

culate horizontal vertical curves

culate areas and volumes

ervise ctters performing some cf the tasks

Survey (cmputations

_-ACICITI DY
S S LY P NV
O (DO = O N0
ees e e e
Ned ed L O =2 O
TN Ot =20
e ® o 0o 0 0 o
- LANINS bl B
OO0 N O
L Ta N ealV XN Rl

s gF, CIVIL DESIGN AND COMPUTATIONS

PF1. Perform civil €ncineering design ano/or €437 1.130 095
calculations on water Supily and/or reservoirs

BfZe Pertfora civil €ngineering desiygn ano/or 18,46 1.340 02467
calculations on Secwerage and/or drainace

8F3, Fertorm civil engineering design and/or 3.01 636 .C1¢

calculatrons on wharf structures and/or fore~hore
protection

BF4., Perform civil engineering design and/or 10.41 o873 091
édlgulatlons on recreation areas and/or landsiape
esion

8f5. Perform civil encireering design and/or 9.02 1.092 .09
calculations on Subdivisions

EF6. Perform civil €ngineering design snd/orc 16437 932 N

. calculations on Yootings and/or retaining walls

tf7. Perform civil engineering desiygn and/or 10424 +585 091
calculations on tratfic management

eFb. Perform civil engineering cesiyn ana/or 17,97 1.54L9% 278
calculations on roads and/or freeways

BF9. Perform civil encineering design and/or 2.68 <560 026
calculations on railways i

B8F10.Perform civil encineerino desicn and/or 20.57 1.269 e 261
calculations on earthworks

Ef11.Supervise others performing some of the tasks 12.93 1.059 137

in Civil Desicr ano Corputations
** 5Ceo STRUCTURAL DESIGN AND COMPUTATIOMNS

#Gle Ferform structiural engineering desi;n anc/or 13,33 14473 « 196
computations or Leams, columns, anc/or building
foundations

BG2. Perform s*ructural engineering design and/or 6.56¢ 1.377 «ME
computatiuns on buildirgs

8G3., Fertorm structural engineering design and/or 5.5 1,550 086

. computaticns on tridces, cranes and/or towers

t(se Pertcrm structural enginecring desigr and/or L.t3 1,239 «£57
corputations on pre-cast concrete froducts

E(5. Perform structural engineering de519n and/or 5«61 1,580 .86
corputations on hoppers, Chutes and/cr conveyors

£Coe Fertorm structural engineering desizn and/or 1114 1.267 e 141

computations on rlatforms, woalkways, stairways
ana/or ladders

5(7. Ferforr structural enoineering design :nd/or L.56 «b83 L4
¢ mputations on formwOrk for concrete
ECbs Sinervise others jerforming some 0f the tasks 6.42 1,1M 071

in Structural fesrien and (Oomputations
¢s :He HYDKOLOGY ANL HYLRAULICS

thHle Perfcem river (ouying Lef> «541 015

Er2. Perform hydrolcgical analysis and desygn 6.1. 14191 «074
colculations

Br3, [etermine stcem water run off and flood ratterns 11.63 1.122 +132

oMes Determine tidal flushing and ocean oisgersal 29 W14 «C04
rotterns

bH5. Ferform hycdraulic calculations ano desiyn 12.76 1.20 0153

Proe Calculate ripe disreters to carry cesign flows 15.45 1.210 «1t7

BH7?. Investigate 5urchar?e . €.l «956 .Co1

bHbe Calculate heaalcss Yor pipe floa 12.60 1.001 120

dH9. Supervise others performing some of the tasks 7.07 «911 066
in Hycrolcyy anc dydraulics

** zJo TOUWN PLANMNIMG

#41. Interpret town planning studies anc/or town .33 730 o025
planning legislation

£J2. Determine neeo for a town Planning stucy <81 569 .0L5

EJ3. Pesian layout of reviden*tr18l area 2.6E «L5Y .18

£Jee DO research anz mane popurlation gredicticns .58 .029 o006

8JS. Perforr landscepe sesizn 3.58 » 58 «0c5

£J6e Design recreations' areas 3.52 «65% «025

bJ7. Determine roao location 2ccording to planning 6,88 o843 <G4

Q énd developnent schemes
EJSs Supervise cthers performing some of the tasks 2.03 o663 013

in Town Planning

&
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CLUSTER 1 : WHOLE SAMPLE (CONTINUED)

Tasks
** Ko CARTOGRAPHY

BV ™

bk1., Ccepile small scale maps for base rlans 10.26 1.067 .109

Eki. Interpret ano tlot frorm aerial photograghs 9.92 <960 095

Ex>e Precare grids/yraticules for map projections 4415 o761 «D31

Brb. Plot informaticn onto rap grids 9.27 1,105 <102

€X¥5, Perforr enlargerent and reduction 9.59 1.161 <109

EVo. Chart onto coLies of existing maps 8.62 1.110 096

B¥7. Supervise Lthers perforsing some of the tasks 6.36 1,070 .068
in Cartoaraphy

** Lle AIP PHOTOG ANC VAP INTERPRETATIGN

6L1. Poke use of aerval photos for siting anu design 11,30 «769 087
of projects .

tL2. ¥ake use of aerval photos for location of 10.16 <840 085
catchment bouncaries A

BL3. Fake use of aerral photos for cetermination 1C.51 919 099
of Jrainage potterns

BL4. Yake use of aerral photos for lano use surveys 7.80 638 050

5L5. *ake use of aerial photos for data ccllection 8.05 «931 «C75

bloe. Make use of torographic maps for siting and 12.03 .906 «109 -
oesicn of grojects

BL7. Make use of torocraphic maps for location of 13.6¢ «958 « 131
rcads

BLb. ¥oke use of tcrographic maps for location of 11.79 1.045 123
catchment touncariesr . .

BLYe Yake use of tofrographic maps for determination 11.06 987 <109
of orainage patterns X

EL1l.Supervise cthers performing some of the tasks 8.05 568 .070
“n Air Phetc and Map laterpretation

** oK, SUPVEY INVESTIGATION ANU SEARCHING

£¥1, Ferform real property search 5.77 oEbb «04G

EF2. Search survey at lands departnent 7.48 <881 06

E¥3, Search survey at lands title office 7.32 847 <062

B¥4, Carry out survey investigation $e35 - 9Ck .085

E¥S5. Inv stigate cacastra. surveys i 5.69 <812 <066

5%6. Def ne procerty alignments from existing lands B.94 1,125 <101
titles, thysical occupations and/or crrevious
surveys

87, Interpret land and survey laws 5.28 804 042

btb. Supervise otters performing some of the tasks 5.37 «893 <048
in Survey Irvestigation and Searching

** oNe ST.LL AND PCVIE PHOTCGRAPHY

Bh1, Useka carera to photograpn sites or engineering 34.55 «928 «321
wor

Brh2. Use 3 vioeo anu/cr movie camera to record 5.69. ,768 Gad
rovement at work sites .

Enl. revelop exrosec film 2.52 1,115 .0ct

g%4s Ecit viceo or movie film_ 2.02 631 G132

BrS. Supervise cthers performing some of the tasks 6.59 677 «L£45

in Still and ¥cvie Protogrphy
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APPENDIX D: TASK LEVEL JOB DESCRIPTIONS OF THE FOJR MAJOR
CLUSTERS

The following fcur pages contain the task level job descriptions
of the four major clusters. The tasks are in descending order
of percentage contribution to 3job, and only the top 60 tasks
(approximately) are given for each cluster.

To the right of each task are five items of information. An
explanation of each ¢f these follows:

Column 1: Percentage responding - this is the percentage ot the
cluster indicating that tney perform the task:

Column 2: Percentage contribution to job for those responding -
this is the average percentage contribution to job
fcr those indicating that they perform the tack:

Column 3: Percentage contribution to 3job for all members of
cluster - this is the average percentage contribution

to Jjob, averaged over all members of the cluster.
For each cluster the sum of the column 3 percentages
over all tasks is 100%;

Column 4: Cummulative percentage - this is the progressive
total of the column 3 percentages;

Column 5: Sequence number - this is simply the task sequence
number.
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CLUSTER 74 . ENGINEERING SYSTEMS AND ADMINISTRATION }
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Excnance 1rforsation with otrer people G7.7¢
w11NIN yCur orzanisaticn
Eachance irfcrrati1on «1t1h ersineers, G4e52
SLUrfveyCre or archaitects
Lse ctalculaters Cl.61
write recorts
ExCronze 1nfornation «11h traeceseern
~€ac anc irtercret Orawings
txcrarge 1nrfornstion wrth clients cr
reccers of the cutlac
Feviea 5n3 plan Cen wOrk
letters
LFTIC1LA%E 1N KeetInss
ssetches ang drawin.s
tt technical notes
S repcrts, {ourﬂals ans teats
stanoaro clerycal zroceoures (eg, keegp
orcs or tiles, fall 1n forms)
Lare crelirirary estimotes of ccsts
rch for ecuiprert, rateriols, crasirys
tiles
s15¢ staff to resolve provlems
Yeni1tor progress of worw
teac and evaluate contracts cr sgrecrfacations
Frecare getarleo estimotes of .0Sts
irterpret working crawings
fFeview and pler the wcrk of a3 grcur
Give Girection and Suservise tradesmen
G:vs direction ang supervise other engineering
Sta
Supervise cthers performing some of the
tosks in written (omrynicotion
fecor? own worhk (except reccorts)
e Surervise cthers performing some ¢t the
tasss in General Acministration
LiCete Oown knowledce ot latest tecknclogy
enc its apglicatiors
Instruct or cirect non-enjineering staff
(ecy typing, clerical, lacoratory staft)
(c-oroinate crcgress with other sections
bitenc lectures, Zeminars ang conferences
Protccocy cocusents
Errorze visits to other lccations
fvaluate eguiprent ars machinery
file plans anc/or docuzents
SLfervise others gerforaninc some of the tas«s
1r Prgject Planninc arc Yanacement
*rerare statistical 1~formation
Ceal with salespersors
e Fregare charts ano graghs
Feview esticates of cost ano/or time
Sucervise site works
Examine and select Guotes
Set incivic al ans group yo0als
. fucervise others performing some of the
tasks in Oral Comrunicatior
Purchase ecuiprent Or Services
Frepare contract oocurments
Frecare sketcnes/ortwork
Counsel ceople ot work
Irncut dota or recall cata fror corcuter terminals
e« Frepare )jot cdescriptions anc/or duty Staterents
krrorze meetincs
frosuCe drawings us n:z cornventional eaquipment
Lse zrograrmasie caitculators
Use fersonal ccmputers/aicro~grocessors
Frecare estirates for statt time
(crtrcl expenroiture
(arry out mainterance 1nspections
invesSti1jate previous engineering work
Encguraye other staft to uboote therr knoslecdge
cf Llatest technolccy ano 1ts applrcatiors
inspect engineering wcrk for complirarce with
tlans ano specrfications
Cc'lect cata fror enqsineers and/for clreats
Yai1ntain reccrcs of expenciture on constructiror
[rojects
Eregore tudcets
€ rackage £resrams
ke laycut Crowmincs Oor 8 draeing toarc
entify staff neecs
clement safety proszrams
$¢$s Guality contrcl procecures
¥criior the operatior cf e¢cuiprent
trepare eccromic argrarsat ot ecuirment
cr machinery
(tta'r oate from INnStruments
fregare graphs ang charts
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CLUSTER 82 :  CIVIL ENGINEERING AND
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Tashks

Lse calculaters

txcrange inforration with encineers,
Surveycers or architects

Fesu anc interiret drawin.s

2c sketches anc crawincs

txchange inforration with other peccple
withiIn ycur or.anisation

Froduce Crawincs using corventicnsl esuirment
culete recuced levels

frogsrommacle calculators

fEret wCreino drawings

ure distance with 235cs

ulate areas anc volures

uce rcao glans anc sections

“lish elevaticns usin, actcratic level
fcrr ceometricol calcutations

crance 1nformation with clients cr

avers cf the publyc

tawn survey intcrmation frcr surveyor
Frocuce site plans

iLs€ the Theocoli1te 1n traversing

Frocuce survey crawings

Frecuce crofiles

Calculate rorrzental vertical curves

Fez out £rocosec engineering works

Fertorm civil engineering cezicr anc/or
calculations or roacs anc/or freeways
Frocuce cortour plans

heview arc plan owr wers

Petermine co-orcinates

Frovuce water, sewerage, crainsge a.d irrigation
clans anc sections
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CLUSTER 68 :  DRAFTING AND DESIGN
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tc sketckes and dravings
Lse calculatcers
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Yaxt layoul Ofcmings on 3 dramine toarn
Excrhisnze irformaticn w'th other pecple
.1th1n yOur cr.anisaction
Exctance vnfcrnat1on witr encineers,
curveycrs or arckitects
Fre.sre sketches/artwcrk
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installatror
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. Fesicn metal frameworks, lLifting, caryino
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cr r1vettrr2 ogerations
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keac ard evaluate cortracts of specifications
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tosShs wn Generzl Azmiristration
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mrite technical nozes
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or circuits that facr'lirtate nanufacture or

installetrcn

Sciervise cihers ter‘orming sume of the 223,

tasks 1n Cral Comeunicaticn
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eLECTRONIC ENGINEERING

CLUSTER 34 .  ELECTRICAL AND
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